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A Reference Telephone System for 
Articulation Tests 


U.D.C, 621.395 : 534.78 


The C.C.LF. is studying the possibility of asing ratings based on articulation 


equivalents) at present in we. for specifying the standard for 
wy Ady hy fF ee 


(reference 
Post Office has recently 
maintaining such a standard. The reference system and 


(knows collectively 


installed and in use at the C.C.LF. fSaaee bs Gao 


Introduction. 
HE Fourth Commission d'Etudes of' the 
i C.C.LF. is responsible, among other things, 
for specifying the quality of transmission for 
international telephone circuits with particular refer 
ence to the local network (ie., speaking and listening 
conditions, subscribers’ sets and local lines) aspects of 
the problems ; it is also responsible for the work of 
the C.C.LF. (formerly SFERT) Laboratory. The 
work of the 4th C.E. in January to June 1949 has 
already been reported" and it will suffice to say here 
that following the move of the SFERT Laboratory 
from Paris to Maison des Congrés, Geneva, late in 
1948, it was decided 
(i) That the SFERT would be set up in the new 
laboratory and would be used solely for the 
measurement of Reference Equivalents (i. 
ratings by volume balancing 
That a new equipment should be odtained to 
serve as a reference standard for ratings based 
on articulation measurements 
That, in view of the fact that the SFERT 
would form only a part of the equipment, the 
name of the laboratory should be changed to 
the “ C.C.LF. Laboratory 
The SFERT® (Sysiéme Fundamental Européen de 
Référence Tdéphonsque), presented to the Laboratory 
in 1928 by the American Telephone and Telegraph Co., 
is a high-quality, stable reference system and has 
seryed the purpose of a reference standard for volume 
mpasurements satisfactorily for over 20 years 
However, the move and the general re-equipment of 
the Laboratory, together with the increasing difficulty 
of maintaining the SFERT {much of which is 
obsolescent) and the decision of the 4th C_E. to pursue 
the question of rating by articulation, indicated that a 
gud opportunity had arisen for providing a new 
reference standard. 
Ratings based on articulation measurements known 
as A.E.N. (Affasblissement Equivalent pour la Netteté) 
ratings have been specified in principle but the method 


' Por references see end of article 


and various details of the technique require further 
study (which is in progress) before there can be any 
question of such ratings superseding Reference 
Equivalents. 

A high-quality transmission reference system of 
modern design was offered to the Laboratory by the 
British Administration on loan for an indefinite period 
= use in further studies of the A.E.N. technique. 

The offer was — and the equipment, is 
now installed in operation in the C.C.LP. 
Laboratory, has been named ARAEN ao 2 de 
Référence pour la ditermination des A 
Equivalents pour la Nelieé). In tion to the 
reference system (Le., the transmission part of 
the apparatus) t complete ARAEN, as installed, 
inchuc much auxiliary equipment essential for 
A.E.N. measurements. The installation at Geneva 
was carried out in May and June 1049, and two sets 
of similar equi t are now in use at the Post Office 
Research Station, Dollis Hill. 

surpose of the t article is to describe the 
ARAEN itself; it is hoped to publish an account of 
the development of A.E.N, as a method of rating of 
transmission = pment as soon as sufficient informa- 
tion has been obtained to permit an exact specification 
of the technique. 


Desicn Princrpces or True Rererence System 


General. 

The present techniques of articulation testing (and 
subjective transmission testing generally) are essen- 
tially comparative; they vide a result which 
expresses only the difference between the transmission 
characteristics of two or more systems. Thus the 
technique is obviously more useful if the comparisons 
are always made against one particular system, which 
is usually known as a“ Reference System." From this 
aspect the main criterion of choice of a Reference 
System is stability of transmission characteristics. 
This leaves a wide choice of possible characteristics, 
but for various reasons the system will be most 
useful if it has the best possible transmission 
characteristics. A free air path remote from all 





listener must be variable, and 
to increase the attenuation until 


distance between the talker 
and non-reflecting conditions for the 


distances are insurmountable, as are various 
ae delen 
The use of variable acoustic noise as a means of 


simulating attenuation has also to be ruled out for 

difficulties and because it is not possible in 
this way to simulate non-reactive attenuation over a 
wide range of attenuations since the natural ear 
threshold will tend to be etfective for low noise and the 
noise spectrum will provide the threshold for high 
noise conditions. 

The concept of the air path is, however, 
attractive and the system developed by the Post 
Office has retained the concept, but realised it in a 
more practical form. The major part of the air path 
is by an electro-acoustic system having 
exactly the same characteristics as that part of the 
air path which it replaces. To obtain a quantitative 
relationship the whole system is related to an air 
path of specific dimensions ; the transmission charac- 
teristics between talker and listener afforded by the 
system, when used with a specified talking distance 
and overall gain, are equivalent to those existing when 
a talker speaks to a listener over a one-metre ai path 
(an air path existing under reflectioniess and non- 

ant conditions). This ideal condition is 
qualified by the fact that the Reference System uses 
monaural listening; it is therefore convenient to 
envisage monaural listening for the air path. The 
use of a system with monaural listening simplifies the 
eauipment, and may perhaps be justified by the fact 
that it will be used to rate telephones which are 
themselves invariably monaural 


Electric and Acoustic Requirements. 

The Reference System consists essentially of a 
microphone connected by a system of amplifiers and 
passive networks to a set of receivers. The overall 

of the equipment is specified by the 

requirement that the system must produce in the 
listener's ear a sound pressure which is an exact replica 
of that which would occur if the listener used the air 
on This actually means that the system should not 
ve a flat frequency response, because the obstructing 
effect of the human head alters the sound pressure in 
the entrance of the ear when an actual air path is 
used. Apart from this effect which must be repro- 
duced in the system, the frequency response should be 
flat over the range of frequencies required for speech, 
say 80 to 6,000 c/s. The system should also be free 
from non-linear distortion, but this requirement 


presents little difficulty and it has not been found 
necessary to call for any precise specification of 
linearity. 


fault location 


Construction 

The system should be constructed so that it is 
easily accessible both for general use and for main- 
tenance. In this case the requirements are best 
satisfied by building the equipment on standard 
1?-in. panels mounted on apparatus racks, with the 
panel covers projecting through the racks (back- 
mounting covers). The layout of the components on 
the panels should be planned to provide the maximum 
accessibility ; this applies particularly to all controls, 


Tue Rererence System 
A high-quality speech-transmission system, satisfy- 
ing the requirements outlined above, has been 
designed in the Post Office Research Branch. 
Fig, 1 shows the sehematic arrangement of the 
Reference System consisting of three groups of 


equipment, the sending end com a microphone 
and amplifier system, the junction which consists of 
an attenuator and switching system (together with a 
filter, primarily for use with commercial systems 
under test) and finally the receiving end which con- 
sists of a further amplifier, equalisers and receivers. 


The Sending End. 

The design of this part of the system is dependent 
on two factors, the overall frequency , and 
the level required at the output. The design object- 
ives were a flat frequency and a level of 1V 
when the microphone was into under i 
conditions. The microphone (S.T.C. 4021 a used 
with the system does not have a perfectly flat fre- 
quency response, but all microphones exhibit the same 
characteristic, a gradual rise to a 5 db. peak at 500 c/s. 
When used with standard speaking conditions® and a 
speaking distance of one foot, the mi output 
is approximately —85 db. relative to 1V. There is 
some variation in this figure and therefore it is 

*A convenient speaking level standardised for articulation 
tests and apecihed acoustically 
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* to provide a variable gain control at some 
point in the sending end 

The sending end consists of four main components; 
the microphone connected to the microphone amplifier, 
which is followed by the microphone equaliser and 
another amplifier known as the send amplifier. This 
arrangement was adopted to allow the equaliser to be 
placed at a point in the circuit where the level was 
not so low as to cause trouble from induced noise, 
or so high as to make the design of inductors 
uneconomical. 

The microphone amplifier has two stages and 
operates at a fixed gain maintained constant by using 
20 db. of negative feedback. Both current and 
voltage feedback are used, the proportions being 
arranged to make the output impedance 600 ohms. 
The design is straightforward except where special 
precautions have been taken to reduce the nowse level 
at the output ; these include the use of a special low- 
noise triode in the first stage, and special earthing 
precautions particularily on the input circuit. The 
gain of the amplifier is 47 db. and circuit noise level at 
the output is better than 85 db. below 1V 

The equaliser which follows the microphone 
amplifier is a ccnstant impedance network having an 
insertion loss which is the inverse of the frequency 
response of an average microphone 

The send amplifier follows the equaliser and feeds 
directly into the junction; it has three stages, the 
final ane being capable of handling 1-5W. The gain 
of this amplifier is also stabilised by both voltage and 
current feedback, proportioned to give an output 
impedance of 600 ohms. The gain can be varied by 
two controls; a calibrated potentiometer moving in 
2 db. steps, which is placed between the input trans- 
former and the grid of the first stage, and ganged 
variable resistances in the feedback paths moving in 
0-2 db. steps. The amplifier is normally used with ¢ 


gain of 42 db., but this can be varied over a range of 
20 to 64 db. in 0-2 db. steps by the two controls 
mentioned previously. 

In articulation testi 
speak at a fixed level 
be provided to indicate the talking level. The 
characteristics of such instruments are specified bY 
the C.C.LF.* and the instrument (known as a speec 
voltmeter) used with this system cémplies with he 
specification x in respect of che of the ballistic 
properties of the indicating instrument.- The speech 
voltmeter is connected across the output of the send 
amplifier which is the point where a level of IV 
should exist when the talker is speaking. A 1,000 c/s 
oscillator is provided with the speech voltmeter for 
ealibration purposes; this oscillator also has a low- 
level output’ (80 db. below 1V) which can be connected 
in place of the microphone for checking the overall 
gain of the system. The speech voltmeter can. be 
used as a level-measuring set for these measurements: 
The various oscillator and speech voltmeter connec- 
tions are made by rotary switches. 

The overall gain of the sending end depends on the 
sensitivity of the microphone. A mean figure is 
calculated for each microphone and the gain of the 
send amplifier is adjusted accordingly. Between 
microphones the variation of mean sensitivity is of 
the order of 1 db. 


the talker ‘is required to 
thus some instrument must 


The Junction. 

The term junction covers the variable non- 
reactive attenuator and any filters or other equipment 
connected between the sending and receiving ends. 
In the Post Office em these are connected to-a 
switching panel which allows the attenuator to be 
rt ye gy wr ne Ow tp a yp 
systems which are being tested. A 3,400 c/s 
band-pass filter is provided with the equipment and 








and selector switches placed near the 
talking position. The swit 
break points for inserting 
t, and the switching arrangements have been 
designed so that the combination of components (ie. 
attenuator, filter, etc.) can be changed when the 
junction is switched from one circuit to another. The 
switching is designed to enable two commercial 
circuits to be compared with the Reference System. 
The attenuator pane! contains two high-grade 
H-type 600 ohms variable attenuators, controlled by 
switches. One attenuator covers the 
@-10 db, in 1 db. steps ; the other 0-100 db. in 10 db. 
“tie band- filter included in the equipment has 
been cpualai dul to have an inns rtion loss/ 
characteristic of a typical carrier system 
band 300-3,400 is in accordance with C.C.LF 
recommendations.) The filter consists of separate 
low- and high-pass sections with an amplifier between 
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them. The gain of the amplifier is adjusted so that 
the overall insertion loss in the pass band is zero. 


Receiving End, 

The most important components are the high-quality 
moving-coil receivers (S.T.C, 4026A). The frequency 
response of these is not quite flat, consequently some 
equalisation is necessary. The overall response of 
the system also includes the obstruction effect of the 
human head and it is necessary to introduce a weight- 
ing network into the receiving end to allow for this. 
In practice it was found easier to design one network 

+h both compensated for the response of the 
receivers and introduced the obstruction effect. 

To enable four listeners to listen simultaneously, 
four receivers are connected in series. This method 
of connection was chosen as the probability of a 
receiver circuit fault affecting all listeners is much 
greater. (The usual receiver circuit faults are high- 
resistance cords or plugs.) To compensate for the 
loas of the equaliser network it is necessary to introduce 
samme gain into the receiving end. The requirements 
call for an amplifier with less gain than the send 
amplifier but capable of handling the same maximum 
output level. © avoid duplicating designs, a send 
amplifier with a different ratio input transformer is 
aaed, giving a normal gain which is 20 db. lower 


‘4 


The receiving end is arranged so that the 
the junction feeds into the receiver equaliser, then 
through the receive amplifier to a 
former and then to the receivers (total i 
four receivers, 8% ohms resistive). 
in a sound-proof room remote from the sending et 
and their equipment is connected to the main 
ment by a system of junction cables. The out 
matching transformer is fed to jack- 
listening positions, where the receivers are plugged in. 
All four receivers must obviously be in circuit when 
the system is in use, irrespective of the number of 


listeners 
EQuirMEntT ASSOCIATED WITH THE REFERENCE SYSTEM 


Notse Generation and Measuring Equipment 

This equipment provides room noise at the 
operators’ listening position, produced by loud- 
speakers suspended from the ceiling of the sound- 
sos room, and facilities for measurement of the 

vel of this noise 

Fig. 2 shows, in block schematic form, the noise 
generation equipment which consists of a continuous 


Biocn Scusmatic Diacaamw of Nowe Gensearion Equipment 


spectrum noise amare weighting networks to 
give the noise the required spectrum and power 
amplifiers which feed the ers. The con- 
tinuous spectrum noise is obtained by amplifying 
the fluctuation noise produced by a gas- triode. 
This source is eminently suitable as it produces a 
comparatively high level of noise with a flat spectrum 
(Le., the energy per c/s is constant). The noise is 
then fed through a weighti network to give it the 
spectrum described by H oth as that of the a 

room noise occurring in subscribers’ premises To 

compensate for the loss introduced the weighting 
network is followed by another amplifier. 

The output of the weightis ——— amplifier is 
fed through an equaliser, tes for the 
characteristics of the we en neon listening room, 
then through variable attenuators to the power 
amplifiers which supply the loudspeakers. The 
system is thus designed so that the overall uency 
response of the equaliser, power amplifiers, and loud- 
speakers is flat 

To measure the noise level produced by the loud- 
speakers in the listening room, a sound-level meter is 
provided on the racks adjacent to the room-noise level 
controls. This meter consists of a high-quality 
moving-coil microphone (S.T.C. 4021E) in the listening 
‘room, and a microphone amplifier, weighting net- 





work and speech voltmeter on the rack. The com- 
chain of components complies with the American 

for sound-level meters.* A _ calibrating 
oscillator and switching arrangements are included 
with the Pa aye to provide facilities for checking the 
gain of the microphone amplifier and the sensitivity 
of the speech voltmeter. The switching arrangements 
also allow the circuit between the microphone and the 
mic: amplifier to be run over a cable normally 
used for an intercommunication circuit 


I ntercommunication Equipment 

When carrying out articulation tests, the operator 
at the talking position has to pass instructions to the 
others at the listening position and they have to 
indicate when they are ready to start. A simple 
loudspeaking telephone system is installed with the 
Reference System to provide these facilities. Facilities 
are provided for holding a conversation between the 
talking and listening positions, and between the noise- 
generation equipment racks and the listening position 
(this facility is useful when adjusting the noise level). 

The equipment provided at each position consists 
of a 3}-in. loudspeaker mounted on a panel together 
with a change-over key and a volume control. With 
the k y in the normal position the loudspeaker is 
conr. ted to the output of a three-stage amplifier 
mour.!*d on the noise equipment racks. When the 
key is . overated the loudspeaker is used as a micro- 
phone « d is connected to the input of the amplifier 
feeding the loudspeaker at the listening position. The 
loudspeaker on the noise equipment racks, though 
havi 1g its own amplifier, is effectively in parallel with 
that at the talking position. Switching is provided to 
cut it in and out as required 


Transmission Measuring Equipment 


The performance of the electrical elements of the 
system can best be checked by pure-tone transmission 
measurements. To facilitate these a wheeled rack 


containing suitable measuring equipment is provided 
with the system. The equipment consists of a 


variable-frequency RC oscillator (30 to 30,000 c/s), a 
level-measuring set and a switching panel which 
enables a variety of measurements to be made 

The oscillator is essentially a wide-band three-stage 
amplifier with overall positive and negative feedback 
paths taken from the cathode of the third stage 
The positive path contains the frequency-selective 
network, which is of the series-parallel resistance- 
capacitance type. In order to obtain low harmonic 
content and constancy of output level at different 
frequencies, amplitude limitation is effected by a 
number of tungsten filament lamps in circuit with the 
frequency-selecting network 

The controls of the selective network move in 
discrete steps and are arranged in decades to cover 
the range 30 to 3,000 c/s in 1 c/s steps and 3,000 c/s to 
30,000 c/s in 10 c/s steps. A continuously variable 
control, which sweeps over the smallest steps of the 
decade is also provided. The oscillator is fitted with 
a temperature-controlled oven for the frequency- 
selective networks and when this is in use the 
frequency of oscillation is stable to within 0-04 per 
cent. (The oven takes roughly 15 minutes to reach 


This last facility is useful for checking t 
of the local t circuits, which are compared 
with the Reference System. 

The whole i t is mounted on a standard 
6 ft. 6 in. rack (which is fitted with a wheeled chassig). 


Acoustic Test Gear, 

The electro-acoustic elements have been chosen for 
stability but it cannot be assumed that they will not 
vary during the life of the ay sy particularly as a 
life of at least 15 years has been envisaged. Con- 

sequently a set of equipment _ checking the 
performance of both microphone and receivers has 
been provided. 

The check need not necessarily be an absolute 
calibration and some more convenient method can be 
used. The method must, of course, be sensitive to any 
change in the absolute response of the microphone or 
receiver. These principles have been followed in the 
design of the test gear, where the microphones are 
calibrated on a coupler device and the receivers on an 
artificial ear. The sound pressures inside the coupler 
and the artificial ear are measured by a probe-tube 
microphone which must itself be calibrated on some 
absolute standard of sound . The absolute 
standard used with this equipment is a stationary- 
wave tube and Rayleigh disk. 

The acoustic equipment is mounted on three racks 
with a table for the Rayleigh disk apparatus and the 
stationary-wave tube. The plan of the equipment in 
Fig. 3 shows the arrangement of the racks and the 
table for the stationary-wave tube and Rayleigh disk 
apparatus. A further table is between the 
racks for the convenience of the operator when 
recording results, 

The Rayleigh disk equipment’ is used solely for 
measuring the sensitivity of the probe-tube micro- 
phones. These consist of a high-quality moving-coll 
microphone mounted in a heavy metal case, with a 
bypodanle tube (0-03 in. internal diameter) which 
forms the path between the micr diaphragm 
and the sound field. The wd eye: advantage of 
this type of mi the tip of the — 
causes only a negligible porn of disturbance when 
inserted in any sound field. The stationary-wave tube 
used with the Rayleigh disk equipment is a rigid- 
walled metal tube closed at one end with a moving-coll 
receiver, and at the other with a plate containing a 
small opening which will allow the insertion of the 
microphone probe tube. 

If a voltage of suitable frequency is applied to the 
receiver a stationary sound wave is produced in the 
tube with a pressure maximum at the plate where the 
probe tube is inserted and a velocity maximum at the 
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centre of the tube. The Rayleigh disk is suspended 
at the centre of the tube with its plane at 45° to the 
axis. When a sound wave exists in the tube, the 
disk rotates through a small angle which is dependent 
on the air-particle velocity, and this is in turn related 
te the sound pressure at the end of the tube. By a 
lamp and mirror system the angular rotation is dis- 
played on a screen mounted on the centre rack of the 
equi t. From the angular displacement of the 
Ray disk it is possible to,caleulate the sound 
aoe applied to the probe-tube microphone, The 
MF. luced by the microphone can be compared 
with a known voltage of the same frequency by means 
of an amplifier and voltmeter system. The known 
voltage is obtained from an accurate potential divider 
which is fed from the oscillator supplying the receiver 
(an oscillator similar to that used in the trans- 
mission measuring equipment). The output of the 
oscillator is itself measured with a thermo-couple 
instrument which can readily be calibrated against a 
D.C. sub-standard instrument. The voltmeter as- 
sociated with the amplifier system (actually the am- 
plifiers used in the Reference System sending end) is 
@ Tester RP790 which in this case is only used as an 
indicator of equal values. All these operations can 
be made in a simple manner with the switching 
arrangements built into the equipment 
To calibrate the microphones used with the 
Reference System a closed coupler device is employed. 
This is a small open cylinder with a high~< — 
receiver (S.T.C. 4026A) clamped on one cad 
source of sound, and the microphone under teat 
Glamped on the other. (To do this the grille of the 
microphone has to be removed.) The tip of the 
probe-tube microphone is inserted through the wall 
of the coupler and placed in an accurately defined 
position close to the centre of the diaphragm of the 
under test. The measurement of the 
sensitivity of the microphone is made by comparing, 
at various frequencies, the output of the probe-tube 
and the test microphones. The comparison is carried 
out by adjusting an attenuator in the test micro- 
circuit until both give the same deflection on 
the Tester RP790. The attenuator readings then 





placed centrally on the artificial ear and 
sealed acoustically with a smear of vase- 
line. A known voltage is applied to the receiver ter- 
minals and the sound pressure in the artificial- 
ear cavity is measured by the tube microphone 
inserted at a suitable — = a of the probe- 
tube microphone is same way as 
when it was itself being a elena This enables the 
response of the receiver on the artificial ear to be 
derived from the probe-tube characteristic. 
The response obtained depends on the position of the 
probe-tube microphone and for these measurements 
the entrance of the probe-tube is planed at the bottom 
of the artificial-ear cavity. 


INSTALLATION OF THE Equipment at tue C.C.LF, 
LABORATORY 


Three Reference Systems and two sets of associated 
equipment were constructed at Dollis Hill, and one of 
these systerns and one set of associated equipment 
were sent to the C.C.1.F. Laboratory at Geneva. 

The equipment was erected in three groups, con- 
sisting of the Reference System, the noise and inter- 
communication equipment, and the acoustic test 
The first two groups were in the room 
also contains the old SF ‘onl system, whilst the 
acoustic test gear was aseparateroom. The 
major part of the A cerca System is mounted on 
two standard 6 ft. 6 in. racks, which are placed 
immediately behind the table used for the talking 
position (see Fig. 4). The talker sits at this table 
which contains the stands for the microphone of the 
Reference System and for handsets of any telephone 
sets under test; a steel cabinet containing various 
controls for the system together with a loudspeaker 

el for the intercommunication system is mounted 
Posie the operator. The remainder of the Reference 
System is located at the listening position, which is in 
a sound-proof room, situated at some distance from 
the talking position. 

Connections between the Reference System and the 
listening position are made by a number of single-pair 
quien whlah ate senuuinstnd uss C.tbehs secieeie diac 
the talking and listening positions. The circuits are 
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then wired through a U-link break point to their 
appropriate apparatus. The local wiring is carried 
out in special cable with an insulated, braided copper 
screen. 

A number of circuits between the talking and 
listening positions is also required for apparatus which 
is being tested against the Reference System. The 
C.C.LF. laboratory staff, therefore, installed a 25-pair 
cable at the same time as the circuits for the Reference 
System. This cable, which has individually screened 
pairs, is terminated on the same U-link panels as the 
others. All these cables are run at ceiling height on 
light racking which was built in sections at Dollis Hill 
and then assembled as required on site. 

The noise generation and intercommunication 
equipment is mounted on three racks which are placed 
close to the talking position. Connections between 
these racks and the listening position are made in the 
same way as those for the Reference System. é 

The acoustic test gear does not require frequent use 
and has no external connections except one to the 
A.C. mains supply. As the room containing the 
Reference System was already full, the test gear was 
placed in a separate room. The equipment consists 
of three racks, and a table to contain the Rayleigh disk 
apparatus. This needs an extremely rigid table of 
rather unusual proportions and one was made 
specially from welded stainless steel tube and black 
plastic sheet. This equipment was more difficult to 


Book Review 


“ Numerical Exercises in Electrical Wiring. W. S 
Ibbetson. E. & F. N. Spon, Ltd. 87 pp. & 

A com book to the author's Electric Wiring 
Theory and Practice. in the earlier editions of the 
latter work, exercises were included, but these have 
been omitted from the later editions owing to space 
limitations. The present book fills the gap. The arrange- 
ment and numbering of chapters follow that of the 
parent book and a tota! of over 400 numerical exercises 
has been collected from various sources, such as City & 
Guilds, Ministry of Transport and Lastitution of Marine 
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laboratory staff on articulation testing in 
tion for the 8th Series of Tests of the 
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hey will no* involve more t 
very slight changes in the ARAEN itself. 
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improved Method of Cable Buoy Recovery 


U.D.C, 621.315.29 


T may be of interest to readers to learn of a 
nautical improvement in cable operations which 
has been satisfactorily developed in H.M.TS. 
Monarch for the recovery of buoys at sea, in deep 
water (500 to 3,000 fathorns) 
The method in the past has been to approach the 
to within a distance of about half a cable (100 
) and then lower a boat which pulled to the 
, taking with it the end of a 3 © 3 wire rope 
This was attached to the buoy moorings (a stray end 
of which was led to the upper part of the buoy for 
the purpose), The slip-hook attachment holding 
the moorings to the buoy was then “ knocked up” 


with a hammer and the buoy was released from the 
moorings which then led directly on board the cable 
ship via the 3 x 3 rope previously mentioned. The 


Caste Buoy wire “ Tan ‘ 


Fis. 1.- 


boat then pulled back to the ship towing the cable 
buoy, and boat and buoy were hoisted on board. The 
moorings were picked up in the usual manner over the 
bow sheaves 

This method whilst satisfactory to some extent had 
many disadvantages, not the least of which were the 
dangers to the boats’ crews encountered in lowering 
and hoisting boats in bad weather. This factor alone 
frequently made it impossible to proceed with 
ca operations until the weather and sea condi- 
tions eased, and much time has been lost on this 
account in the past 


improved method developed in Monarch 


S 


overcomes these troubles afd has been most success- 
fully used during the past two years in all weather 
and sea conditions. Briefly it consists of 
right up alongside the buoy and getting 
“tail” with a light grapnel and eS ee 
of the ship. This tail is the free end of 
moorings extended to a length of about 30 fathoms 
and fitted with cork floats and metal “ pellet” 
floats, which is left free to float out from the 
when it is originally streamed, and serves, additi 
as a current direction indicator when approaching 
bucy to recover it 

Having recovered the tail with the light grapnel and 
line it is picked up to the deck and shackled to 
a heavy wire rope led over y constructed 
lifting leads fitted to the bul , and then to the 


xeent Dianecrion orrosen tro Winp Direction as SHOWN BY FLacs, 


forward capstan. Upon heaving away on the capstan 
the weight of the moorings is taken directly and the 
buoy comes up on them to deck level. It is then all 
clear of the seas and can be got at in comparative 
comfort to shackle on the 6 x 3 rope which has been 
led from the cable gear to the bow sheaves and then 
back outboard to the buoy-lifting sheaves. 

When this has been shackled up it is slipped from 
the buoy and on picking up on the cable gear the 
moorings are transferred to the bow sheaves and 
picked up and the buoy, which is left at the buoy- 
is unrigged and taken inboard. 

J.P. F.B. 


lifting sheave 
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A Survey of Modern Radio Valves 
Part 4.—Transmitting Valves for use up to 30 Mc/s. 


U.D.C. 621.385 


OME of the basic phenomena of the primary 
and emission of electrons, and of 
electrons in transit have been outlined in 
Part 2 of this series,’ in so far as they apply to the 
behaviour of thermionic valves | and , fens properties 
aflect the design of high-power transmitting valves 
just as much as do that of the receiving valves 
considered,* although in places the emphasis 
differs . This difference of emphasis arises 
because many of the problems in designing the larger 
valves are di t from those encountered with 
teceiving valves which, in turn, is due to the use of 
high anode voltages and to the need to dissipate large 
quantities of heat. 
The to avoid parasitic oscillations and to 
stray and inherent inductance and capacitance, 
iderations of space and general neatness 
ilitate against the of large numbers of valves 
parallel for handling high powers. Valves have, 
developed that are individually 
powers of a hundred kilowatts or 


more. 
The development of such large valves for use on 
y, 


30 Mc/s might appear to have 
mmpared with the many different 
receiving vaives that have been produced. 

i there are many difhculties associated 
with high-power operation which have no counterpart 
powers, and because high-power valves are 

ive and are produced in smal] numbers so that 
it @ natural reluctance to depart from a proven 


requencies below, 


literature of transmitting valves is largely 

red with the need to provide for and dispose 

the large quantities of heat liberated at the elec- 
trodes, mainly the anode; and the size of a trans- 
mitting valve is normally referred to in terms of the 
rate at which the valve can dissipate heat from the 
, Le. its “ anode dissipation.” This is because 
there is an upper limit to the efficiency with which a 
walve can convert the D.C. anode supply into radio 
frequency power, of the order of 70 per cent., and the 
power handling capacity is usually limited by the 
anode dissipation. In the smaller valves of this class 
the anode, and of course the other electrodes, are 
enclosed in an envelope and the heat liberated must 
be dissipated almost entirely by radiation. In larger 
valves the anode forms part of the envelope and is 
fitted either with cooling fins through which air is 
forcibly circulated or with a water-jacket connected 


meme e nee eee ne —. a —— 
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*POBE J. Vok 42, p. 201 
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to a circulation system. Radiation 

cael i San OS Se ee 
remains of primary importance. i 

however, piece Mery ser nig Twa Aang 0 Pm 
different types of valve. 

Transmitting valves for the frequencies concerned 
in this article are made in the form of triodes, tetrodes, 
Le. screen-grid valves, and pentodes, but the 
named include the great majority of valves. 
principles of operation are generally identical 


those of the —— receiving valves except 
in transmitting valves the grid must be driven 
positive during part of each cycle in order 


peak anode current ma the i 
available “mission from Le Seeoee, resulting in 
flow of appreciable grid current. To avoid repetition, 
therefore, it is proposed to discuss only those matters 
that are peculiar to transmitting valves, questions 
largely of design and construction. 


CONSTRUCTIONAL FEATURES 
In high-power valves pote poten 

between the anode and cai 
higher positive-ion arrival vei than an oxide- 
coated cathode can withstand, and the more robust 
but less efficient thoriated-tungsten and pure tungsten 
filament cathodes are therefore used. In recent years 
the achievement and maintenance under i 
conditions of a higher degree of vacuum has 
hitherto been ible has led to a rise in the per- 
rnissible D.C. anode voltage for valves thoriated- 
tungsten filaments. Neverthelcas, it is st 
to use pure tungsten for the filament material when 
anode supply voltages much above 10,000 volts are 
used. Relating filament material to methods of cooling 


radiation-cooled valves while pure tungsten is used 
in valves of such high power that forced cooling is 
needed. 


Glass Envelopes. 

The properties desirable in glass used 
envelopes of transmitting valves are i 
resistance, low radio-frequency power factor, 
resistance to thermal shock, high thermal t 

ney, low thermal expansion and, last but 
poet, high softening temperature. Common 
glass, ie. lead-soda or lead 
relatively cheap and has most of these 
although its softening temperature is 
its thermal expansion is comparatively high. 
a glass is quite suitable for lower power valves 





small leading-through wires for the electrodes. The 
permissible heat dissipation can be increased by the 
use of either « larger bulb or a harder glass such as 
pyrex, or borosilicate. with a higher softening point 
than soda-glass, ic. about 980°K. Unfortunately, 
hard glasses have the disadvantage of fairly high 
annealing temperatures and are more difficult to 
manipulate ; in addition, they are not so transparent 
to radiant heat as soda-glass. The power factor of 
glass increases with temperature and in very strong 
radio-frequency fields the dielectric loss may cause 
sufficient local heating at frequencies of the order 
of 30 Mc/s to soften the envelope 

The risk of envelope softening places a limit on the 
permissible anode temperature in glass valves and 
restricts the power dissipation by raciation to between 
25 and 60 watts per sq. in. of anode ourface, depending 
upon the anode material used. An attempt to 
increase the power dissipation by an arbitrary increase 
in anode dimensions leads to difficulties in the design 
of the filament, which becomes unnecessarily long 
for the emission requirements. It is therefore 
unusual for glass envelope valves to have power 
ratings exceeding about 1-0 kW. 


Sthca Envelopes, 

An increase in permissible power dissipation to 
about 5 kW, without forced cooling, is obtained by 
using silica envelopes in place of glass. The much 
higher softening temperature of the envelope, in the 
region of 2,000°K, allows the working temperature 
of the anode to be raised, and greater powers to be 
dissipated for the same bulb size ; it also allows the 
valve to be purmped and de-gassed at very high tem- 
peratures, resulting in more complete elimination of 
adsorbed gases and a higher degree of vacuum. One 
effect of the improved vacuum is to reduce positive-ion 
bombardment of the filament ; this allows a thoriated 
tungsten filament to be used when the anode voltage 
is higher than is permissible with the same type of 
filament in a glass envelope valve 

For many years, however, a disadvantage of silica 
valves was the difficulty of producing seals* that 
could withstand the high temperatures due to the 
relatively large inter-clectrode R.F. currents that 
occur in operation at high frequencies. Reliable 
direct metal-to-silica joints were made only with 
difficulty and the eaflier silica valves used soft glass 
seals. 

In recent valves this temperature limitation has 
been overcome by using a seal of tungsien-coated 
molybdenum with hard glass between the metal and 
silica and the maximum frequency of operation has 
been raised to between 20 and 50 Mc/s 


Glass-to-M etal Seals. 

A great advance in the design of high-power valves 
was made wher it became possible to dissipate heat 
from the anode by bringing a cooling medium into 
direct contact with it. This can only be achieved 
conveniently by making the metal anode form part 


* The junction between the metal of the lead ny-through 
connections or the electrodes, and the glass or silica envelope 
is called a “ seal.” 


currents which would otherwise overheat the ring. 
Seals of both types have been made up to rather more 
than 5 in. diameter. 


provided by internal and external 
for cooling the seal 


the envelope, or forms part of it, 

cooled valves the anodes are commonly made of 
tantalum or molybdenum as these metals have the 
advantage of relatively free from occluded 
gases. Their radiating properties are 

by sand paneer oY enter ng Png ly 

providing fins inside the val 

these metals , when very hot, 

sufficient quantity to make seme ex 

for maint a high degree of vacuum 

“ clean-up ” capability is specially desirable because 
getters such as magnesium and barium cannot be 


heat is removed from it by conduction to the cooling 
il 








fins or the cooling water, and the working temperature 
is low. In such valves good thermal conductivity is 
of great importance and the anode material should 
be suitable for sealing to the glass portion of the 
envelope ; for these reasons copper is used almost 


a ete 
grid material also must be capeble of with- 
wag hi high operating temperatures, partlv }~cause 
grid current, and partly becsuse 
at rd proximity of the heated filament and the fact 
that the surrounding hot anode surface impedes heat 
radiation from the grid. Tungsten, tantalum or 
molybdenum are commonly used and the surface 
may be carbonised to improve the heat radiation and 
also to reduce grid secondary emission. Grid struc- 
tures using these metals do not distort at high tem 
peratures, while all three are sufficiently ductile for 
drawing into fine wire for the grid winding 


Vatve Tyres 
Radiation-cooled V alves 


As an illustration of modern radiation-cooled valve 
construction, Fig. I shows a 1 -5-kW valve in a recently 
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introduced series of silica triodes for use up to at least 


30 Mc/s. Two leads each are provided for the anode 
and grid to assist in keeping the temperature of the 
seals low and it will also te noticed that the enve lope 
is shaped so that the seals are spaced well away from 
the hot anode. 

It is worth noting that the development of valves 
for this range has been stimulated by the widespread 
adoption of dielectric and induction heating in 
industrial processes, for which the conditions of 
operation, being intermittent and not subject to the 
same rigid control, are generally more severe than in 
radio transmitters 


Water-Cooled Valves 

Liquid cooling is the most effective 
transferring large quantities of heat from the anode ; 
and if certain precautions are observed water forms a 
very convenient cooling fluid and enables anode dissi- 
pations exceeding | kW per sq. in. of anode surface 
to be attained. The velocity of the water must be 
sufficient to ensure turbulence so that any steam 
bubbles formed do not adhere to the outside of the 
anode and allow local overheating, and the space 
between the anode and water jacket may be con- 
stricted to increase the water velocity and reduce the 
thickness of the stagnant layer of water that tends to 
form at the surface of the anode wal! The rate of 
flow required is directly proportional to the power 
dissipation for a given temperature rise. The heat 
transfer from anode to water is more efficient when 


means of 


incipient boiling occurs, and the temperature of the 
anode wall may therefore exceed that of boili ; 
Where the water supply is 
deposited the anode temperature i 
sufficiently to result in overheating 
glass seal. To counteract this the seal is 
cooled by some auxiliary system, such as a special 
blast, and the water supply is a gag to conform to 
a minimum standard of A satisfactory 
standard is that the pe Eye: shall not exceed 
10 parts per 100,000 and the po aot shall not 
exceed 100 reciprocal megohms em. cube, which 
usually entails the use of disti water. The rate of 
flow is usually between 0-25 and 0-4 gal./min. per kW 
of anode dissipation, which is equivalent to a tem- 
perature rise from inlet to outlet jacket of less than 
15°C and usually requires a pressure of 40-50 Ib./sq. in. 
The jacket is sometimes made integral with the 
valve and may be ribbed laterally to provide a 
measure of flexibility and reduce mechanical stresses 
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due to the difference in expansion of jacket and anode 
This form of jacket is used on the row of mounted 
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valves shown on the right-hand side of Fig. 2. These 
valves are double-ended, that is grid and filament 
connections are led out at opposite ends 
an arrangement that has an advantage 
from the insulation standpoint and also 
reduces inter-electrode capacitances, but 
has been superseded in short-wave valves 
by the single-ended arrangement which 
is generally more convenient for circuit 
layout. The 160-kW single-ended valve 
shown in the foreground of the photo 
graph has a channelled anode surface to 
provide a greater area of contact with the 
cooling water. 
The improved vacuum attained in 
modern valves has, as already mentioned 
led to the use of thoriated-tungsten fila 
ments in high-voltage valves and Fig. 3 
shows a 20-kW water-cooled triode incor 
porating such a filament. The valve car 
be used at frequencies up to 30 Mc/s and 
has a peak usable emission of 35 amps 
obtained from a thoriated-tungsten fila 
ment rated at 10V, 80amps. The maximum 
permissible anode supply voltage is 8 k\ 
when the valve is subject to anock 
modulation, and 11 kV under other cor 
ditions. In valves of this class thoriated 
tungsten filaments offer a substantial 
economy in heating power, equivelent t 


a saving of 85 per cent. or more when compared with 
pure tungsten filaments, and have attendant advan- 
tages in respect of the furnace effect on other electrodes 
and of hum arising from the modulation of the electron 
stream by the magnetic field due to the filament 
current. There is, moreover, a reduction in the 
mechanical forces to which the filament is subject, 
ee ional to the square of the heating 
current, problem of supporting the filament 
is eased “ha t of filament sw from the 
disadvantage that their resistance when cold is very 
much less than when hot, and the volt applied 
initially must be reduced cuniianiiy low the 
norma! value to avoid mechanical distortion due to 
excessive current. A limit of 150 per cent. of the 
normal current is sometimes stipulated for the surge 
current, 

The water-cooled vaive on the t-hand side of 
Fig. 4 is a good example of mc high-power 
transmitting valve practice and illustrates the general 
trend of development that has been brought about by 
the need for extending the upper frequency limit of 
operation. This limit is determined primarily by 
two factors. the physical dimensions of the valve and 
the cutrent-carrying capacity of the grid seal. The 
construction be compared with that of the 
earlier valves of com power rating shown in 
Fig. 5, in which side-entry grid seals are used, In the 
more modern valve the grid is su on one end 
of a cylinder at the of which there is 
a metal flange sealed to the glass envelope. This form 
of construction results in a very low inductance of 
the grid lead and allows large grid currents to be 
handled without difficulty. The principle of sup- 
porting electrodes directly from the seals is important 
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in so iar as it dispenses with insulating supports in the 
more active parts of the valve 
Air-Cooled Valves. 


The larger t of modern forced-air-cooled valve 
can be wee och having evolved from the smaller 
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single-ended water-cooled valve. The construction 
is basically the same, the water-jacket being replaced 
by a radiator or cooler usually of the type shown in 
Fig. 6 and comprising a copper sleeve to which are 
brazed a iarge number of radia), blackened-copper 
cooling fins. For certain valves the system of cooling 
is optional in so far as @ water jac ket or cooler may 
be supplied as desired. The radio frequency charac- 
teristics cf the valve are unaffected by the change, 
but the large anode structure necessary for air 
cooling results in a higher anode-carth capacitaace. 
A dissipation of about 4 watts per sq. in. of cooling 
fin surface is reasonable with a circulating air system, 
usually suction, of 60-100 cu. ft./min. per kW of total 
anode dissipation, Such a system keeps the tem- 
perature of the cooler below about 160°C, which 

to a dissipation of 200-400 watts per sq. in. 
of effective anode surface, that is, equivalent to a little 
leas than one-half the dissipation that can be allowed 
with water cooling. The temperature of the outlet 
air is about 15°C above ambient and the maximum 
cutlet temperature is often specified as 45°C. Valves 
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of the type shown in Fig. 6 have been x 
anode dissipations up to about 90 kW. 

sufficient for the majority of commercial 

Another form of cooler sometimes 

several crimped concentric sheaths. 


pow r dissipation at the anode, but it 
is not practicable to calculate the relationship for 
air coolers and a calibration is made with the valve 
running und:r static conditions with known anode 
dissipations. 

Air-cooling systems of the above types have grea 
possibilities. There appears to be no reason 
the same advances should not be made in 
valves as have been made in the cooling of 
engines by using carefully designed ducts that 
the maximum heat transfer with the minimum resist- 
ance to air flow, and there is no reason why an air- 
cooling system on these should not be 
extended eventually to the highest power 
ratings now in use. It may also be applied to 
relatively low-power valves with advantage if, by so 
doing, the physical dimensions of the valve can be 
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reduced and the efficiency at high uencies raised. 
Fig. 7 is an example of a valve of 1 kW maximum 
anode dissipation which by virtue of its small size is 
capable of effective operation at frequencies up to 
100 Mc/s. An open-ended cylinder is used to support 
the grid and three connections from it are led out to 
ensure that the inductance is low. The filament in 
this case is centre-tapped. The valve requires an 
air-flow of 80 cu. ft./min. at a pressure of 2 in. of water. 





valves are relatively fragile, the seals 
being weakest points because of the relatively 
heavy electrode ascemblies that they are required to 
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carry. The problem of ensuring safe transport 
therefore becomes a very real one, especially in view 
of the rising demand for valves of this category for 
industrial R.F. heating 
VaLve Lire 
The replacement of high-power vaives is a major 
item in the cost of running transmitting stations and 
the length of life is therefore of great importance. 
Unlike the receiving type of valve with its random 
failure cheracteristics, the life of a transmitting valve 
can be predicted with considerable accuracy, This is 
because, ing accidents, the life is almost always 
limited by the evapo: ition of tungsten from the 
filament, or thorium, when thoriated-tungsten fila- 
ments are used ; all other causes of failure have been 
virtually eliminated by careful design and con- 
struction, and by rigid control of materials. Tungsten 
filaments fail consistently when the diameter is 
reduced by evaporation to about 90 per cent. of its 
original value. The actual failure occurs when a 
short length of the filament locally overheats; the 
effect is cumulative and rapidly leads to a complete 
burn-out at this point. The rate of evaporation is 
t of the diameter and therefore the life is 
directly proportional! to the diameter of the filament.‘ 


“4” The Development of Large Radio Transmitting Vaives.” 
Marconi Review, 1936, No. 61, p. 6 


of 5,000-10,000 hours; never- 
ing the filament vol 
a life of about 20, 
obtained 


life is in the 
theless, by 
on the lines indicated 
hours may be nearer the a . 

Tungsten filaments are on an emission basis, 

that is the filament is specified for the required 

i valve. It is im ive 

to this voltage ff the design ife is to 

a 5 per cent. increase in voltage will 

roughly halve the life ; conversely a 5 per cent. decrease 

in voltage will double the life at the cost of decreased 

performance. In practice the filament is often under- 

run slightly during the beginning of its life, and the 

voltage is increased to maintain constant 

emission. The life then be nearly as long as if the 

filament voltage had been maintained constant and 

the progressive reduction in emission had been 
tolerated. 

The above considerations do not to thoriated- 
tungsten filaments, which suffer evaporation 
in the course of their effective life depend for their 
operation upon the maintenance of an active surface 
layer anda between and diffusion 
of thorium. Operation of the filament at a reduced 
voltage then has the effect of shortening the life. 


Future Developments. 
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The Recovery of two Timber 
Lattice Masts 


U.D.C. 621.315,668.1 


the free use of such a derrick it was decided 
four separate derricks, one lashed to each 
mast. The derricks lashed in position are 
Fig. 2, and the lashing of a derrick at its butt in Fig. 


WO wooden self-supporting lattice masts 
were recently purchased by the Engineering 
Department for use of the recovered sections 
for pole-arms, stay-blocks, guards and other line 
stores. Both masts, which had been erected 7 years 
were : 240 ft. high. but one had been 
damaged by aircraft and only the lower part, of 140 ft., 
remained. The masts were 45 {t. wide at the base 
and tapered to 6 ft, at the top. The wood, which was 
in good condition throughout, was first quality 
British Columbian pine, incised and creosoted 
The masts embodied the usual horizontal and 
vertical bracings fixed externally and internally. 
Platforms were provided at 30-ft. intervals vertically 
and were connected by stout ladders which were the 
normal means of ascent. The mast legs varied in 
section from 10 in. by 10 in. at the base, to 4 in. by 
4 in. at the top. Bracings were 7) in. by 2) in. at 
the base but reduced in section in the upper parts Ps ie baal 
“= mast. ie t oe di 
tails of typical bracings at the base appear in . P : 
Fig. 1, which shows the general form of the 260-tt . DENN SAEREE Ae ee 
mast in the distance. Each derrick was fitted with a hauling line and a 3-in. 
snatch block at its head. The hauling lines were taken 
to the ground level inside the mast bracings, and 
thence to guiding pulleys at the mast base. A 30-cwt 
Morris truck was used for hauling. The lorry traversed 
backwards and forwards on a straight strip of firm 
ground which enabled the driver to see the position 
of the load throughout and to take signals as required. 











Dismantling Operations. 

Having set up the derrick and ropes, dismantling 
of the upper sections was begun, single wooden 
sections being unbolted and passed down the centre 


Pm. 1.—Base or one of ree Masts 


Tackle Used for Dismantiing 


The usual rigging tackle used u nast erecthon 
consists of a dernck set up centrally inside the mast, 
luffing being carried out by guys run from the butt 
and from the derrick centre out to the mast legs 
Such an arrangement enables the derrick to be 
maneuvred to any position for vertical lifts, but 
suffers from the disadvantage that the support is 
rather flexible and may allow the derrick to sag unduly 


under heavy loads. For this reason, and because the . 
intetnal bracings of the mast would have prevented >. 2—Lasuiwe at Burt oF Deenicx. 





of the mast by light block and line. Bolts were 
lowered in bags, and tools required by the riggers were 
sent aloft by the same means. Complete sections were 
then lifted clear and under the control of a light line 
were lowered to the ground. A top section being 
lowered in this manner is shown in Fig. 4. While 











Pia. 4.—Lowrrine a Tor Section 


overhead work continued ground staff dismantied 
and stacked the lowered sections. To lower the 
derricks a light block was rngged, coupled at the top 
to the highest point of the mast and hooked at the 
bottom into the eye bolt in the derrick butt (see 
Fig. 5). The load of the derrick was taken and held by 
two men on the nearest platform. The lower lashing 
of the derrick was then removed and the upper lashing 
slackened to a loop. The derrick was now free to be 
lowered to the next required position and could be 
relashed securely to the mast legs and bracings. All 
bolts were found to be in good condition and no special 
difficulty was met in their removal. Further, the 
joints were securely locked by dowels and, the timber 
ving shrunk htly, removal of the bolts was 
easily cartied out. In addition to lowering the derricks 
it was necessary at each section to clear the ladders, 
tforms and internal bracings. The transfer of the 
r from its position on the platform to a lashed 
vertical position on the side of the mast considerably 
reduced the time of disrnantling 
As the work progressed, the heavier sections necessi 
tated the use of double purchase tackle from the 
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standing the derricks, ladders and internal bracings 
were recovered and the site cleared. 


Conclusion. 

The masts were in a very ¢ 
looking the Devil's Punch Bowl, 
often made 





Book Review 


“ Electric Cables.” Frances W. Main, M.1.E.! Sir 
Isaac Pitman & Sons, Ltd 142 pp 52 ill, 
12s, 6d. 

This issue is the third edition of Mr. Main's primer on 
electric cables and has been re-written and brought up to 
date. The art and science of cable making, testing, and 
using has been very largely negiected by text book 
writers and this work fills a need. The materials, manu- 
facture and properties of all types from bell wire to 
super-tension cables are dealt with, together with mach 
practical information on selection of types, methods of 


laying, transmission L considera 
— = . systems, design tions, 
The author is clearly much more at home with power 
than with telephone cables, but as an introductory 
survey of a wide field the book can be confidenti 
recommended, although the price is somewhat hi 
for a primer. 
Two small ts may be mentioned: U 
Telephone Cute eae ocdient in the United § 
in Britain; and it is a pity to continue the 
term “ Polyethylene” now that B,S.1. 
authorities have agreed to call the material “ Polythene,” 
.G.D, 
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U.D.C, 621.394.813 : 621,317.74 


‘The imstrusment iy to measarc (he distortion of 
wok lag: 


transmission each character signal 
seven elements; the first, or start, 
of spacing polarity, being 

ts which denote the character 


ity. The first six elements 

same (unit period) duration, 

the. stop signal may have a nominal minimum 

, Or greater than, the unit ’ 

according to the (1-5 units in the British 

system). A eaccedlng character may be commenced 

at any instant after expiration of the minimum 
Fin apes ot tin socal 

of the receiving mechanism of a tele- 

printer is initiated by the reception of the start 

element and terminated during the stop signal, the 

then remaining quiescent until the advent 

of the next character. Once the cycle has com- 

menced, the process of sampling the incoming signal 

at the nominal mid-instants of the code elements is 

controlled by the machine alone. The accurate regis- 

tration of the code elements depends upon the correct 

time relationship of the signal transitions with the 

start element having been preserved within certain 
limits during transmission. 

It is evident, therefore, that a device which will 
indicate accurately the timing of the instants of 
modulation (signal polarity transitions) in a character 
relative to the start signal of the character, and auto- 

itself with each start signal, will be 

a useful instrument for the study of start-stop trans- 

pore ss systems and in the maintenance of circuits 
t. 

Up ths time, the only distortion measuring 
instrument used dy the British Post Office suitable 
for measurement of teleprinter signals, has been the 
Distortion and Margin Tester (Tester TG 956/958) 

this has certain severe limitations. It is quite 
suitable for local measurements of transmitter dis- 
tortion when a single character is repeated at machine 
speed (i.e. “ plugged” speed), but its use for the 
accurate measurement of distortion at the end of a 
circuit, when fortuitous distortion is present, is 
difficult, and when the character repetition is at a 
random rate, it is impossible. This is due to the fact 
that it was not designed to operate in a start-stop 
manner, and hence the instant of the start-signal and 
the zero of the time scale for reading the displace- 
ments of the instants of modulation are seldom 
coincident. 
*Now with Telecommunications Dept. Fecieration of Malaya. 
t POBE.J., Vol. 2, p. & 


and iastruments of thes type will be installed im the test 


telegraph automatic switching system. 


Principles of the Electronie T.D.M.S. 
Since the measurement of 


occurrence of electrical phenomena, an obvious means 
of measurement is to use a cathode-ray 


and the lack of precision in the 
in an equivalent mechanical 
Two methods of indication by varying 
available—-variation of intensity of the 
deflection of the beam. As two types of 
ment will be required, distortion and 
both methods are used. Because the 
used facility will be that of distortion 
the brightening of the trace has been 
this indication, as the 

pressed to leave only the 


cate the instants of modulation 


H! 
iit 


F 


tions of the indications 
method facilitates the 
distortion, which is further 
cathode-ray tube screen 
afterglow. 

The primary time-base 
nominal time of a unit 
telegraph speed of 50 
traverse is repeated for 
during the reception of 
six traverses). To permit 
of individual instants of modulation i 
the six traverses are mutually displaced 
vertical deflection circuit, so that the 


i 
es 


: 
F 





of the working part of the trace is a column of six 
horizontal lines (see Fig. 1). The repetition rate of the 

















Pio. 1..-Caruone-ray Toes Trace 


tume-base ts controlled by an oscillator which is auto- 
matically started when the start element of each 
character is received and stopped when the correct 
number of beam-traverses has occurred. When just 
an overall distortion measurement is required, the 
separation of the individual element traces may be 
eliminated. To facilitate the reading of the distortion 
of the instants of modulation, which may be cither 
advanced or retarded relative to their correct times 
with respect to the start element, the commencement 
of the time-base cycle is delayed by a period of half a 
unit element (10 mS for a telegraph 
speed of 50 bauds), so that undistorted 
signals are indicated at the centre of 
each traverse. 
The use of a rectilinear beam-sweep 
entails the provision of means of cali 
bration to ensure that a linear 
measurement of the horizontal traverse 
against a fixed scale represents accu 
rately a timeinterval. This is provided 
by making the frequency of the time 
base controlling oscillator six times 
that of the time-base itself, so that 
signal indications which are accurately 
0, +334 and —334 per cent. relative 
to perfect signals can be used to mark 
the trace (see Fig. 2). By manipulation 
of the horizontal shift and gain con 
trols, these markers may be positioned 
to with the corresponding points 
on fixed scale. 
Measurement of the transmission 
speed can be easily made, if the trans 
mission is at the maximum character 
repetition rate, by eliminating the 
separation of the element traces and 
the automatic start-stop action, so 
that the primary time-base runs 
continuously. The indications of the 
instants of modulation will move across 
the screen at a rate proportional to 
the speed error. This is measured 
by varying the time-base frequency 
with a calibrated control to attain 























Pic. 2.—-Caimaarion oF Scace. 


adjusting the frequency of the time-hase control 
oscillator against an external standard. 


Description of the Instrument. 

A T.D.M.S, designed on the foregoing principles is 
shown in Fig, 3. 

The C.R. tube has a 6-in. screen and is provided 
with a scale of length 4 in., graduated over the 
range 4-40 per cent. distortion. The calibrated con- 
trol for direct speed measurement has a range of 
+1-1 per cent. of the nominal speed. The total 


Pre. 3-—Prowr View or rue T.D.M.S. 
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umber of valves employed is 34; 26 of these are 
ini which ave used in the switching 


The overall dimensions are 14} « 14) x 18} in., the 
weight is 60 Ib. and the power consumption 140 watts 
rom A.C. mains. 


ine of Circuit Operation. 

The operation of the switching circuits of the 
electronic T.D.M.S. may be followed by reference to 
the simplified schematic diagram shown in Fig. 4. 

voltage waveforms shown in this diagram are 
those which exist when the instrument is employed 
for the measurement of distortion, the input signal 
ing derived either from the loca! signa! generator 
(V1, V2) or from a teleprinter generating the letter I, 
depending upon the setting of key KA. The signal 
generator is for use as a source of signals to assist 
im setting up the instrument when there are no line 

i available, and is a continuously running 
multivibrator with a relaxation time of 40 mS. It 
therefore gives reversals at t--0, 40, 80 and 120 mS, 
simulating the continuous transmission of the letter I 
in the teleprinter code. The line circuit, which is a 
Schmitt trigger, acts as a signal shaper and generates 
a steep-fronted reproduction of the input signal 
waveform. Differentiation of the waveform at the 
anode of V3 produces negative impulses at each mark- 
to-space transition and positive impulses at each space- 
to-mark transition. Impulses at the same instants, 
but of the reverse polarity, are produced at the anode 
of V4. The impulses from V3 are applied over path C 
to the control circuit. This circuit, a two-position 
trigger, is operated Sy the impulse at t~<0 and 
generates a negative impulse at CC, which actuates 
the control guard circuit, a pulse trigger with a pre- 
determined period of between 110 and 125mS. The 
operated control guard circuit holds the control 
circuit in its operated condition and also opens the 
gate circuit, when key KB is set at pisrorTion, 
over connections F. 

The operation of the control circuit permits the 
300 c/s multivibrator Vil, V12, which is the time- 
base controlling oscillator, to commence oscilla- 
ting by applying a positive potential to the latter 
over path D, when key KB is set at prsTorTion 
This multivibrator drives the frequency halver over 
path G, the negative driving impulses occurring at 
the instants t = 0, 34, 6§ mS, etc. Positive impulses 
are derived from the frequency halver to drive the 
scale-of-three counter at t 34, 10, 16§ mS, etc. 
over path K and negative impulses at t = 0, 64, 
134 mS, etc., are taken over path H to the spot pulse 
generator with the key KC set at tTiminc (when 
calibrating the scale). The scale-of-three counter is 
stepped on by impulses every 6§ mS, commencing at 
t = 34 mS, and produces negative impulses at t — 10, 
30, 50 mS, etc., which are applied to the control 
circuit over path E. The first six of these impulses 
are ineffective in restoring the control circuit because 
it is, as already described, biased by the control guard 
circuit for a period of between 110 and 125 mS from 
the commencement of the start signal. The seventh 
resetting impulse, at t = 130 mS, is effective and the 


output of the ga 

impulses at t = } 

mitted over path 

The X time-base circuit generates a 

waveform by charging a capaci 

current source, Le. the pent ] 

is discharged and allowed to recommence charging at 
the instants t = 10,30 mS, etc. The ing rate 
can be controlled by varying the screen potential of 
the valve, thus controlling the input to the X amplifier 
and therefore the amplitude of the horizontal 
tions of the C.R.T. output of the X time-base 
generator is ied to the X amplifier over path O, 
and thence to the horizontal deflector plates of the 
C.R.T. From the waveform shown, it is clear that 
there will be six horizontal traces on the screen of the 
tube, the spot moving off the screen towards the right 
on the completion of the last trace. 

The X time-base circuit also generates six positive 
impulses at t = 10, 30 mS, etc., which are fed to 
operate the Y time-base circuit. This circuit tes 
a — voltage waveform which is over 
path P to the Y ifier and thence to the vertical 


deflector plates the C.R.T. The waveform 


int P is produced by the inter- 
mittent c i a capacitor in the anode circuit 
of the valve at the instants t « 10, 30 mS, etc. 
The magnitude of the charging current, and therefore 
of the voltage steps, is adjusted by means of the 
potentiometer in the screen circuit of V26. The 
capacitor is discharged by the action of the control 
circuit at t = 130 mS over path D, thus causing the 
spot to move vertically off the screen of the tube 
at this instant. 

The combined effect of the X and Y deflect 
voltages is to cause the spot to make six horizont 
sweeps across the screen of the C.R.T., there being 
a vertical displacement between each sweep. These 
sweeps commence at the instants t = 10, 30, 50 mS, 
etc., the duration of each sweep being 20 mS. 
Normally, the BRILLIANCE control is adjusted so that 
the traces are not visible when making measurements 
of distortion. 

The X and Y time-base amplifier circuits, which are 
basically identical, are cat pled push-pull 
amplifiers and give — deflection voltages 
to the plates of the C.R.T. 


Production of Displays on the C.R.T. Screen. 

With KC set at TIMING, and signals being received 
from line or the internal si generator, eee pe 
impulses derived from the uency halver at H 


which is shown at 





or after their nominal 

: nt, or distortion, 

be read from the graduated scale as a per- 
of the unit element period. 

key KD operated to rranstr time, the change 

potential occurring at the point A in the line circuit, 

ing contact commences its transit, 

to the Y amplifier to cause a 

tion of the trace at this instant, 

be viewed by increasing the brilliance of 

see Fig. S$). The horizontal displacement 
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between a deflection and the bright spot on the same 
trace, which occurs when the contact has completed 


Book Review 


“ Fractional Horse Power Motors Cc. G. Veinott 
McGraw-Hill Publishing Co., Ltd., London. 538 PP 

383 ill, 30s, 
The author has taken the opportunity of a second 
edition to re-write portions of the book and to rearrange 
the subject-matter dealing particularly with maintenance 


survey of present-day practice in the 

this field. The fact that it ie U.S.A. mann- 

* products which are dealt with is brought out 
first chapter, in which the “ Story behind the 
* is told, and code letters for various manu 
are given. The definition of horse power rating 


U.S.A. 


to disconnect the input 
there is no vertical di 

The input of the spot 

from the line circuit 

circuit so that it receives a si 
the commencement of each 
characters, two spots will now 
screen of the C.R.T., these spots 
screen towards the left or right 
machine speed is fast or 


eriie' 
bts 
platy 


slow. The 

multivibrator is now adjusted until 

stationary and the percentage 
machine read directly from a 

cent 


F 


has a range of +1-1 a 

simplify the diagram, the arrangemen 
the frequency of the multivibrator 
shown. When key KB is operated, the 
resistors are re by variable ones 
adjustment of the frequency). 


Conclusion, 


ments to be made during the actual 
cuits, a process which hitherto has proved to be 
difficult. 

The authors would like to acknowledge the assist- 
ance given by other members of the Telegraph Group 
of the Research Branch in the development of this 


instrument 


and of fractional horse-power motors are not those 
genera] use in Great Britain. hg ep 

book is devoted to A.C. motors, the 

smal! D.C. and universal motors is adequate. 

The purpose of the book is to present comprehensi 
information which will be of ! 
dealing with maintenance and 
tc those designers who have to incorporate 
in machines of one sort or another. This 
been fulfilled in a very well-produced 
publication. It can be recommended as being 
tive on U.S.A. practice, but the reader should bear in 
mind that the descriptions given do not necessarily 
apply to products of British man w.t6 





Television Radio-Relay Links* 


U.O.C. 621.397.743 


HE need for an effective network for the 

relaying of video signals between London 

and various provincial centres is even more 
important to the growth of our television service than 
the corresponding sound network has been to the 
evolution of sound broadcasting. The reason for this 
is twofold. Firstly, the costs of “live” studio 
television broadcasts are very many times greater 
than for sound broadcasts. Secondly, the range of 
television stations for a high-grade service is generally 
considered as hmited to about 50 miles, due to the 

“ quasi-optical” propagation of the high radio 
frequencies necessarily used for the purpose. Thus, 
to ensure a nation-wide television service, several 
widely-separated stations are required and, because 
of the prohibitive costs of live programmes, it is not 
—— at present to consider the origination of 
ive studio programmes simultancously at al) the 
stations. 

Two methods of relaying video signals over long 
distances are practicable at present, the one using 
coaxial cable and the other radio. In the distant 
future, long-distance transmission by wave guide 
may become sticable. The comparative merits of 
cable and jo systems are being studied in many 
countries and the Post Office has embarked on a 
large-scale experiment between London and Birm- 
ingham in which radio and cable systems will be com- 
pared and their performances assessed. However, it is 
not proposed in this article to consider both radio 
and cable systems. Attention will be confined to an 
examination of the blems involved in the trans- 
mission by radio of the video signals employed in the 
405-line television system now standardised in the 
United Kingdom and of the provision of two actual 
radio systems. One of these is an experimental system 
which has been set up by the Post Office Radio 
Development Branch between London and Castleton, 
near Cardiff. Its purpose is to provide experience of 
television relaying, and in particular of a relatively 
simple type of system. The second system connects 
London and Birmingham and is carrying the video 
as ag for the recently opened B.B.C. station at 

tton Coldfield. This link has been designed and 
installed by the General Electric Gompany to a per- 
formance specification issued by the Post Office. Both 
links have been engineered to carry 406-line signals, 
but their designs differ appreciably because of the 

very different carrier frequencies employed, some 

200. and 900 Mc/s for the Post Office and General 
Electric Company systems, respectively 

It is of interest to note the development and 


— “This article i article is 5 based on a Paper read by the authors 
before the Institution of Post Office Electrical Engineers 


'For references see Hibhography. 


band radio ae systems, it must 


tandem, and that 
fairly long period 3 
tional experience become available to the designer, 
and to the maintenance 

For the sake of completeness it should be recorded 
that early in 1939 the Post Office placed a contract 
with E.MLI., Ltd, for an experiment in the relaying 
of television si to Birmingham. In this case, the 
radio signals Alexandra Palace were to be re- 
ceived at Dunstable and transmitted over a radio 
link to Sharmans Hill, Charwelton, some 40 miles 


Birmingham. Unfortunately, the war intervened and 
this early experiment in the radio relaying of tele- 
vision signals necessarily had to be abandoned. 


The U.K. Television Standard, 
The present standard,* which will be em 
for many years in this country is detailed briefly 
below and the waveform is shown in Fig. 1. 
Number of lines 405 (202-5 + 202-5 inter. 
laced). 
Number of frames 50 per second. 
Number of pictures 25 per second. 
Line frequency 10,125 c/s. 
Modulation positive (amplitude). 
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translation into a technical specification is a difficult 
matter, particularly since the subjective and objective 
assessments vary for different types of picture and 
observers. However, the subjective charac- 
teristics must be translated into minimum acceptable 
electrical requirements which are capable of objective 
measurement and precise specification. The analysis 
made in the following paragraphs of this section is 
based broadly on the specification of the London- 
em, but while it covers the main 
anc te is not complete and is only intended to give a 
of — is necessarily a most 
ratatn n deriving the limits for a 
system it has been assumed that several such 

varie connected in tandem. 
indicated, actual experience of long- 
distance television relay systems is not very extensive. 
In consequence, it is not certain that a correct balance 
has been struck between the specified electrical 
characteristics and their subjective result, and, as 
further and experience are obtained, 
modification of such specifications may be necessary. 


Frequency Band of Video Signals. 

The frequency band necessary for the effective 
transmission of a video signal can be determined 
from a consideration of a picture of black and white 
squares in which it is assumed that the squares are 
the smallest elements to be resolved, and that equal 
horizontal and vertical definition is rquired “The 
minimum value if the highest frequency in c/s for 
the effective transmission of such a picture is equal to 
half the number of elemental squares scanned per 
mcond, and a system with a pass band up to this 
frequency is satisfactory. Thus, the effective fre- 

band is a function of the square of the number 
af lines, the height-to-width ratio of the picture and 
af the number of pictures transmitted per second. For 
05-line assuming equa! horizontal and vertical 


signals, 
definition, the bandwidth requirement is some 
2,800 ke/s, and for effective transmission, frequencies 
ap to this value must be transmitted without serious 


loss. 
The issible variation in loss within this band 


is set considerations of the smallest perceptible 
brightness that are visible in picture areas 
adjacent to transitions. For example, depar- 


flat attenuation 

marked changes o 

3,000 ke/s. Over this the maximum permissible 
departure from flatness is at the frequency 
where it should not exceed about 1 Frequencies 
below some 20 c/s ma be attenuated in part of the 
circuit provided that t 

@ restoring circuit; t 

restoring the bases of 

the black level of the ure 

constant level. The B vasa 

3,000 ke/s is limited by phase linearity 

and for this reason a slow cut-off above 3,000 ke/s is 
usual. If too sharp a cut-off is used the equalisation 
of the phase/frequency characteristic becomes 


difficult. 
characteristics are, of 


The attenuation and 
course, mutually de t and must, in fact, be 
of wave- 


considered together, particularly in respect 
form response at low frequency. It is necessary for 
the phase/frequency characteristic to be substanti 
linear from 20 c/s to 3,000 kc/s and to pass 

zero when extended back to zero frequency. 
maximum departures from overall linearity being about 
2° between 20 c/s and 500 kc/s and increasing uni- 
formly from 2° to 8° over the frequency range 500 to 
3,000 ke/s. 


Transient Response and Non-linear Distortion. 

The build-up time, defined as the time taken for 
the response to a suddenly applied signal to increase 
from 10 to 90 per cent. of the ideal amplitude, may 
not exceed 0-2 micro-seconds. The permissible 
max mum value of overshoot, the amount by which 
the maximum instantaneous response to a suddenly 
applied input may exceed the ao response, 
may not exceed 2 per cent. The figures for permissible 
build-up time and overshoot implicitly set limits to 
the rate at which the response of the system may fall 
at above 3,000 ke/s, and the extent to which the phase 
characteristic departs from linearity in this region. 

Considering now the limits of non-linear distortion 
over the range of levels occupied by the — 
signal, i.e., from the tip of the syn 
peak white, the slope of the curve cong g signal evel 
at the output to that at the input of the 
should be within the limits of 64 to 1-1 pletion to 
the slope of an ideal linear characteristic. 


Signal-to-Noise Ratio and Echo Distortion. 

The presence of noise* on the video signal shows 
up as a brilliance modulation on the picture and the 
permissible amount of noise is t on the type 
of picture and on the regularity and type of the noise. 

andom noise gives a non-pattern t of inter- 
ference over the complete picture, its effect 
is perhaps the least objectionable of all — of 
noise. Impulsive noise as produced by igni 
systems of motor cars gives bright spots of 1} light 
on the picture. These can be very disturbing 





to the viewer. Noise caused by interference from 


other radio signals normally gives a pattern type 
interference and can be very troublesome. 
ble values of the several 


in terms of their peak- -to-peak values (D.A.P. values). 
The D.A.P. level is defined as the magnitude 
of the vision signal voltage lying between black and 
white, synchronising pulses being excluded 

ratio at the output of the system of the D.A.P. signal 
level to the D.A.P. level of noise must be not less 
than 50 db. 

The overall gain stability, in terms of output vision 
signal level relative to input vision signal level, is 
required to be better than 0-3 db. at a reference video 
frequency of 10 kc/s, the quoted limit being main- 
tained without readjustment 

The ratio of the D.A.P signal level to the D.A.P. 
level of a permanent type of echo signal which is 
delayed by more than 0-25 micro-seconds must not 
be less than 40 db 


Rapio TRANSMISSION OF VIDEO SIGNALS 


Selection of Carrier Frequency 
Perhaps the most important single problem in the 
engineering of a raclio-relay system for television 
signals is the selection of the carrier frequency to be 
used. The wide frequency band required for a tele- 
vision system and the urgent needs of other services 
for frequencies below about 150 Mc/s set this as a 
lower limit for the carrier frequency of a radio-relay 
system. The higher limit of some 10,000 Mc/s is set 
by the absorption of wave energy by water vapour, 
snow, sleet, hail and rain, and by general fading. 
Thus, the frequency range which can be considered 
at the present time is about 150 to 10,000 Me/s. 
There are, of course, many oth«r factors which influ- 
ence the selection of carrier frequency, including 
ation, aerial efficiency, valve efficiency and 
availability, and these factors will now be briefly 
discussed. It is not proposed to consider the general 
question of international and national frequency 
allocation as it is outside the scope of the article, but 
naturally these allocations do prescribe the frequencies 

which may be employed 

Considering first the propagation of radio waves in 
the quoted range, efiective transmission is only by 
the direct wave, ionospherx reflection not being 
experienced, and so the transmissions are limited to 
line of sight. The signal-to-noise ratio, neglecting 
man-made, precipitation and solar noise, for the 
free-space propagation of electric waves between 
points separated by an optical path, is proportional to 

_WGG, 

~ NAS 

in which d is the path length. 

f is the carrier frequency. 

N is the noise factor of the receiver, iLe., 
the ratio of the signal-to-noise ratio 
obtained from the receiver to the signal 
to-noise ratio of an idealised receiver 
free from valve noise 


reflected at the mid-path as shown in Fig. 2 (a). For 


Bal 


aan 
<r. i Lal 


(ep EAR OD HELI TO 
Fic. 2.—Proraeation oF Paxk-sract ann Reriecrep 
Waves. 


the frequency range under consideration and assuming 
small angles of elevation at the mid-path reflection, 
the reflection coefficient can ximate to unity 
with a phase of 180°. power due to 
the reception of the two waves is t on the 
effectiveness of the reflection and on difference in 
coer ypbind be atlbeage sng) odie amen og 
although a theoretical power gain of four is 

in practice the gain is less than two. 

power gains a to four, tive to imeapc 
mission, can be realised theoret 2 
mitting and receiving terminals by ex 

immediately in front of the respective eos as 
detailed in Fig. 2 (6). Here again, however, a more 
practicable figure is one to two, The of both 
mid-path and terminal reflections decreases as the 
frequency of operation is raised since scattering rather 
than reflection occurs. In addition, at the higher 


is apparent that, in addition to the 


provision of 

above the surrounding terrain 
aerials, it is generally 
advantageous to adjust the aerial height for optimum 
signal 


Turning to the question of fading, tests — 
shown that whereas little fading is ¢ 
optical links working at the lower end of fontaten 
band fading 


acrials wean So 


to ensure optical 


very serious on occasion at frequencies 
10,000 Mc/s. Also, at the higher 
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represents 
), highly directional aerials are 
form of directional aerial 
ic reflector to focus the radio waves. 
for a given size of aerial the 
increases as the square of the frequency 
width varies inversely as the first power 
ing a ific example in which 
ic/s (A, 10 cm.) and the area 
is 9 sq.m. the aerial 


tf 


g 
r 


ei 
H 


q 


mut 3°. If the same reflector 
(A, 3 cm.) the power gain 
to 44 db. and the beam width reduces to 1°. 
such a narrow beam width is helpful in restrict- 
trouble due to echo signals and in minimising 

pick-up, it is liable to lead to difficulty in aerial 


fi 


alignment and to occasional loss of gain due to small 
changes of wave direction caused by variation of 
refractive index. Changes due to this 


cause of 0-6" are actually experienced. It will be 
realised from what has been caid that a practical upper 
limit is set to the gain on a link from aerial directivity. 
Perhaps the most practical factor influencing choice 
of uency is the valve deve nt position. Ia 
: while more or less standard types of valves 

are satisfactory for frequencies up to a few hundred 
Mc/s, an upper frequency limit is set by transit-time 
effect due to the interelectrode spacing ; the less the 
—— > hi the upper limit of frequency. 
have been achieved in this 
direction, and in the U.S.A. a “ close-spaced " triode’ 
has been deve which is capable of operation up 
to some 4,000 Mc/s. It is of interest to note that the 
grid-cathode spacing of this valve is only 0-0006 in. 
with a grid-anode spacing of Ol in. As a Class 
A am , it will give a gain up to 10 db. with a 
bandwidth exceeding 100 Mc/s. No information is 
available on the valve life and practicability of large 
scale tion. For frequencies exceeding some 
4,000 Mc/s and wide bandwidths it appears that a new 
type of valve operating on a velocity-modulation 
iple will be used. This type is known as the 
ing-wave valve, and, while very rapid develop- 
ments have been made, completely satisfactory valves 
Thus, it will 

ems engineer is at present 

of completely satisfactory 

he can utilise fully the possibilities of 

: Whatever the type of valve 


, fading increases with frequency and 

cannot be taken of the narrower beam width 
aerials operating at the higher frequencies, absorption 
occurs at very high frequencies and valve noise 
increases with mg me while and radio 
frequency output both decrease. It 
ciated from this that there are sound 
ee | frequency allocations in the lower 

. 150 to 10,000 Mejs, for radio-rela 
In fact, the two U.K. utilise 
about 200 and 900 Mc/s, while the U.S.A. 
which have been briefly referred to employ frequencies 
of about 4,000 Mc/s. It must be envisaged that as 
the frequency allocations for radio-rela 
the lower part of the range, 150 to 10; 
caken up it will be necessary to 
frequency allocations. Before thi 
however, there is an urgent need 
engineer to obtain field experience 
frequencies, for which purpose he will require 
and efficient valves. 


Type of Modulation. 


The design of a system is ifted considerably 
frequency modulation (FM) leotead 
modulation (A.M.) is Thus, 

signal is not liable to non-li 

curvature of valve c i 

tions of the signal field at the receiver are removed 
effectively by the limiter when the minimum incident 
field is sufficient to ensure full limiter 

the transmitter design is facilitated by the constant 
loading of the F.M. system. Finally, even if the 


deviation ratio of one, the 

improvement of about 10 

with the same peak power. 

of F.M. operation are the increased bandwidth required 
and the greater susceptibility of F.M. systems to the 
effects of echo me However, on balance, the 
FM. system is to be preferred, as is the 
U.K. and U.S.A. systems to which rena ay, fo 
made. 


Operatwnal Requirements. 
It is, of course, essential that radio-relay system 
carrying commercial traffic shall be aatguak on the 





y. 
and by the 
its, and in particular valves, must be 
type. Reserve equipment which can be 
switched into circuit from a remote control 
if the performance of a working unit deteriorates, 
must be provided. To meet these requirements an 
adequate monitoring and supervisory system is essen 
tial. This system must not by its complexity introduce 
additional risks of failure of the link, but it must be 
able to draw attention at the control point to fault 
conditions which are likely to impair the operation 
of the system, and also to change over equipment 
au on the occurrence of a major fault 
In short, it should enable an effective control of the 
system to be maintained at all times 
The ultimate performance of a system under traffic 
conditions is equally dependent on both the super- 
visory and came circuits; neither can be neglected 
at the expense of the other, but experience does 
suggest the very minimum complexity of the former 
for satisfactory operation 


Tue Lonpon-Castieton Rapio-Retay Systemt 


When it was possible carly in 1946 to return to a 
consideration of the radio relaying of television 
signals, the choice of frequency to be used was much 
more limited by valves than is the case today. Because 
of this and of the experience already gained in the 
design of wideband equipment operating on about 
200 Mc/s, consideration was given to setting up an 
experimental system using frequencies about 200 Mc/s 
It was felt that the design of a system including several 
intermediate relay stations would be considerably 
simplified by restricting the frequency used to a range 
at which effective amplification could be achieved 
without recourse to frequency changing to a lower 
intermediate se op It was, in fact, within the 
bounds of possibility that a “single frequency ’ 
relay system in which each repeater merely acts as a 
“ straight” amplifier, could be developed. The 
simplicity «{ such a system as compared with that of 
a link at which frequency changing is required at each 
intermediate repeater was fully appreciated, as also 
was the difficulty of ensuring a sufficiently low level 
of feedback from transmitter to receiver at an inter- 
mediate repeater. Finally, it was decided to set up an 
experimental “ single-frequency" system between 
London and an existing experimental! radio laboratory 
at Castleton, near Cardiff, to give one-way trans- 
mission from London to Castleton, using frequency 
modviation with a maximum frequency deviation of 
+ 3 Mc/s about a mean carrier frequency of 195 Mc/s, 
the system being designed for the transmission of 
video signals up to a maximum frequency of 3 Mc/s. 
Pictures were first sent over the complete system on 

¢ The full description and performance of the link, included 


in the Paper previously referred to, will be given in the next 
issue of the Journal! 


country, was 


a 

populated area of the Midlands. Since the operation 
of this station is dependent an exchange of 
television with London, 


contract being awarded to the General 

Ltd., in May, 1947, The specification 

provision of a radio link iding for the simul 
transmission in both ions of the 

vision signals between Museum exchange, London, 
Telephone House, Birmi . However, it 
foreseen at the time of placing the contract that it 
might not be possible to provide the full two-wa 
pertereneapete Higgs Bally: wn Fol han ' 
television service from Sutton and 


systems temporary masts 
provided by the Post Office and equipment in- 
stalled in buildings at the foot of the masts for the 


of this article will deal mainly with the radio system as 
basis, an su equipment 
full two-way scheme will also be given. 


General Outline of the System, 


intermediate 





ducing 
the incoming and outgoing signals at repeater stations. 
It is important to note that the signals are not 
demodulated to video frequency, «xcept for monitoring 
purposes, until the receiving terminal station is 
By this means, the particular difficulties 
associated with achieving a high degree of linearity, 
high order of overall cy stability and accurate 
D.C. restoration in modulator and demodulator stages 
are only at the terminal stations and not 
at repeater station. An unusual feature of all the 
transmitters is the use of a frequency changer at the 
output stage. Only two radio frequencies are re- 
for each direction of transmission, the trans- 
missions alternating from one to the other frequency 
in successive links throughout the system: the pro- 
cess is illustrated schematically in Fig. 3 
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each station has to be in sight of those on either side 
of it, only four intermediate repeater stations have had 
to be provided. Only one site is required at each 


To 


o~% 


age 

TURNERS TE) Comore 
wed 

aM 


r OPO atm 
[RJucceomee 6 oat 


snowrso Reversing Swirewes ser ror Transmission 


Lowpow ro Brewi~ncuam (Nuweexs aGatwnst T anp KR are Preguercies tx Mc/s). 


Separate but identically similar aerial systems are 
used for transmission and reception but both aerial 
systems are mounted at the top of a common mast, 
some 100 ft. in height. Each aerial system consists 
of a paraboloid reflector formed from light alloy tubes, 
having at its focus a coaxial line fed, horizontal 
dipole with its associated parasitic reflector ; 10 W of 

wency power being fed into the transmitting 
dipole. full diameter of the paraboloid is M4 ft., 
but its horizontal aperture has been cut to 10 ft. with 
very little resulting loss of gain. Provision has been 
made for heating both the dipole head and the tubes 
forming the reflecting surface of the parabola to 
mt the accumulation of ice; up to 6 kW of 

ting is required for this purpose. The gain of the 
aerial is 27-6 db. with reference to that of a half-wave 
dipole, the beam width in the horizontal plane is 
+ 5-6" at half amplitude, and the amplitude of the first 
— is less t 10 per cent. of that of the main 


repeater station, equipment being installed in build- 
ings at the foot of the single mast used for mounting 
the aerials (Fig. 5). The sites were, of course, only 
chosen after an extensive series of trials and in the 
final choice many factors, other than merely technical 
factors, had to be taken into consideration, e.g., the 
preservation of amenities, It will be realised that 
effective use has been made of natural features, such 
as the Elstree ridge just north of London, the Chiltern 
Hills, the Cotswolds, and the high land to the west of 
Birmingham. The sites have been chosen so that 
with a maximum aerial height of 175 ft. above ground 
level, there are clear optical transmission paths be- 
tween successive stations. This is well illustrated in 
Fig. 6 

The terminal stations are located in Museum 
telephone exchange, London, and Telephone House, 
Birmingham, and, incidentally, the highest aerials are 
in use at these two stations, the highest parts of these 
towers being 167 and 196 ft. above street level at 
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London and Birmingham respectively. The tower at 
Museum exchange, with its two paraboloid aerial 
systems, is shown in Fig. 7 


Equipment at the Terminal Stations. 
The signals to be relayed are fed from the appro- 
jate centre to the terminal station of the London- 
Castehen radio-relay link by means of a coaxial 
cable,* thus providing a video signal for modulating 
the transmitter. The video frequency signal is first 
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transmitter intermediate-frequency amplifier con- 
sidered t is + 4-5 Mc/s at 1-6 db. down. 

The F.M. oscillator consists, in principle, of two 
valves feeding a common anode circuit, flatly tuned to 
34 Mc/s, each valve having a feedback path between 
its grid and the common anode circuit (Fig. 9). The 


frequenc of oscillation is primarily determined 


lator valves through a coaxial line so arranged that the 
electrical length of the coaxial line, at 34 Me/s, 
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is } wavelength for one vaive and § wave- 
length for the other. In the absence of a vision 
signal, this circuit will oscillate at 34 Mc/s, as the 
following consideration of the phase relationshi 

shows. An oscillation at 34 Mc/s, applied round t 

feedback paths, will uce equal inputs in phase 
quadrature at the grids of the oscillator valves, since 
the coaxial lines differ in length by } wa h, The 
outputs from the two oscillator will be of 
equal magnitude and in quadrature phase relationship, 





Pro, 7.—Tue Towsn at Museum Excnanos, Lownon. 


and it will readily be seen, from a consideration of the 


phase shifts round the feedback path, that the 
resultant output is in phase with the oscillation 
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originally postulated ; thus oscillation will be main- 
tained at a f y of 34 Mc/s. When a vision 
signal is enelied, potentials of opposite polarity are 

on the grids of the two oscillator valves, so 
that the output due to one of the valves is increased 
while that due to the other is reduced. These 
amplitude changes of the two outputs produce a 
change of in their resultant and oscillation can 

maintainec at 34 Mc/s. 


electrical lengths of the coaxial lines, until, at some 
new frequency, the phase relationships are again 
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a high degree of linearity. The instantaneous output 
frequency during the intervals corresponding to the 
transmission of synchronising pulses is automatically 
stabilised with reference to a crystal-controlled 


source. 
It will be appreciated that the used in 
advanced tech- 


this system necessarily makes ase 

ae ee i ee See 
io frequency at which it is operating. The 

—— equipment is based upon the use of 

triodes and coaxial-line circuits. Each 

frequency-tuned circuit is essentially a 

coaxial transmission line. The general 

radio-frequency circuits is silver and a 

flash. Air cooling is used in the 

of the transmitter. 

The frequency stability throughout 
system is essentially due to that of the 
lator at the terminal transmitting station. 
its construction also illustrates the 


technique, a description of ayo gt ay will 
illustrate the general nature 

A camuiie 
circuit arrangement is shown in Fig. 10. The 
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t these two circuits are them- 

the inner 

one pA and the outer conductor of 

the other. The anode-grid circuit operates in a 
three-quarter wavelength mode of resonance with the 
grid-cathode circuit woximately one and three- 
quarters of a wundength lene The heater connection 
is coaxial with the inner conductor of the grid-cathode 
line, and is not subjected to any radio-frequency field 
Oscillation is maintained by a feedback path, external 
to the two circuits, which is arranged to include a 
resonant cavity. Feedback, and therefore oscillation, 
can only occur at the frequency to which the cavity is 


bi-metallic 
device acting on a bellows tuning unit attached to the 
outer conductor of the anode-grid circuit. It is of 
interest to note that the radio-frequency output of the 
master oscillator is some 4 W, obtained at a D.C. 
anode efficiency of 22 per cent 
For reception at a terminal station, the received 
signal is heterodyned by a loca! oscillator, of the same 
design as the master oscillator, to give a difference 
frequency of 34 Mc/s, a silicon crystal being used as 
frequency-changer. The receiver intermediate-fre- 
quency amplifier consists of two stages, each using a 
pair of low-noise triodes, followed by three automatic 
gain-controlied stages, each using a pair of pentodes, 
and two further stages using pairs of pentodes and a 
cathode-follower output stage. Even if one of the 
pair of valves used in each stage fails, the amplifier will 
still continue to work satisfactorily. The action of 
the automatic gain control is such that a change in 
intermediate frequency input level of 20 db. is reduced 
to a change of 0-5 db. in the intermediate-frequency 
output level. At an intermediate station, this inter 
mediate-frequency output then passes first to higher 
power intermediate-frequency amplifiers and then to 
the transmitter-frequency translation stage, as des- 
cribed in the following section, whereas at a terminal 
station this intermediate-frequency output passes to 
the terminal demodulators. 
The demodulator units inchade limiters, the dis 
criminator stages and video-frequency amplifiers. 
Demodulation is achieved by a conventional form of 
discriminator consisting of two tuned circuits, one 
tuned above and the other tuned below the inter- 
mediate-frequency mid-band frequency. In the 
interests of stability and linearity, however, con- 
ventional lumped circuits are not used but instead, 
coiled-up sections of coaxial cable are used, end- 
loaded with small variable capacitors, simulating 
end-loaded transmission lines. The output vision 
signal is then passed through amplifiers to the cable 
terminated equipment at video frequency 
Fig. 11 is a photograph showing the receivers, 
waveform and picture monitors and transmitters at 
the Museum Terminal. 
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Pio. 11.—Recetvers, Mowtrors awp Tuawewrrrers at 
Museum Teemat. 
Equipment at the Intermediate Repeater Stations. 


equipment in use at a 
Fig. 12. It has been 
on which the signals 
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‘ frequency translation, the 
frequency ‘ofthe bal wciltr of the rosiverdiflers 
from that of the transmitter drive oscillator. From 
31 





. | frequency 
the same at all repeater stations, and is alterna 
aueee ie Gee the station drive osci 
frequency. is process, the frequency 
transmitted all repeater stations is pit 
the received frequency only, subject to the 
drift of the Soy be erg oscillators, and 
transmitting jes throughout a channel 
, , effectively controlled by the master 
oscillator at the transmitting terminal. The design of 
the drive oscillator is the same as that of the terminal 
master oscillator. 
The actual transmitting and receiving equipments 
(Fig. 13) used at the repeater station are basically the 
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Fis. 13. Brock Scugematic or Rersarer Station Equirmant. 


same in design as those at the terminal stations, but, 
of course, the signals being relayed are not 
demodulated to video frequency until the receiving 
terminal station is reached. It is of interest to note 
that the received power for free-space propagation 
between the parabaloid aerials, over the 40-mile path, 
is about one microwatt, and since the transmitted 
power used at each station is some 10 W, the gain 
required from the equipment (excluding aerials) in 
such @ repeater station is about 70 db 

For the reversible link, now being operated, only 
two aerials are provided at cach repeater station, and 
since the transmitter and receiver are both connected 
to each aerial, there is a physical path from trans- 
mitter to receiver, The change of direction of trans- 
mission is produced by the operation of a contactless 
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between each main and standby transmitter 
the common output filter. Similar switching and 
ing is at the input of the associated 
iver. ‘aneee switching between the power 
its and the signal-channel equipment is so arranged 
each channel equipment can be connected to 
power unit. The power is normally taken from 
a ‘pebike , but in the event of a mains failure a 
15-kW diesel alternator starts up automatically 
“conomic provision of radio-relaying facilities can 
be made if the equipment can be operated on an 
unattended basis with only occasional visits from 
maintenance staff. The radio system can be fully 
controlled from either control point, ie., London 
(Museum exchange) or Birmingham (Telephone 
Pega Fault monitoring is provided on the units of 
we tee <ouape and the fault indications are trans- 
anit by a voice-frequency signalling system to the 
appropriate control point over a four-wire line. This 
sign system also conveys the control signals from 
the control point to the radio stations. Only the 
essential controls are at present in operation, but 
eventually the fault indications given at the control 
point for each radio station will include information 
on whether the station is working, which channel 
equipment and power unit have been selected, and the 
occurrence of a fault and consequent automatic change 
over in the equipment. Indication will also be given 
as to whether the mains supply to the station is on 
and, in the case of a repeater station, whether the 
standby generator is working. A fault on the 
supervisory system will also be indicated at the control 
point. The system differentiates between major and 
minor faults and only provides for automatic change- 
over on major faults. The equipment at all stations 
can be switched on and off from the control point and 
a changeover made between working and standby 
units. If the supervisory system fails to switch on 
the equipment at the various stations, the stations 
come into operation on pre-set time switching 


Performance of the System 

Since the system, although in daily operation on a 
reversible basis, has not yet been completed by the 
contractor and, in fact, even the aerials are not 
mounted at heights which will be used when the 
towers become available, it is too early to give full 
details of the performance. Suffice it to say that there 
, is every indication that when all the equipment for 
the full two-way system is installed, the system will 
comply with all the main performance requirements 
specified and detailed earlier in this article. However 
the photographs (Figs. 15 and 16), which show 
signals actually transmitted over the system, will give 
some idea of the present performanc« 


The Two-way Installation 


The conversion of the 
reversible to full two-way operation is necessarily a 
gradual process and great care has to be taken to 
ensure that the reliability of the present service is not 
impaired in the process The final repeater station 
towers are now being erected and in due course al] the 
radio equipment will be installed in special cabins at 


system irom one-way 


Pio. 15.-Tuwtwe Stowat AS RECEIVED at Svurrow 
CoLpriaLp. 


the tops of these towers—see Fig. 17, which is a photo- 
graph of a model of the towers. This will eliminate 
the losses in the t feeders between the aerial 
systems and buildings, and avoid an eget 
troublesome echoes from mismatch of, 

feeder systems. It is estimated that an improvement 
of as much as 12 db, in the signal-to-noise ratio will 


Fic. 16.—Picrur® oF ANNOUNCER AS RECEIVED OVER THE 
Syerem. 


result from these The reversibility feature 
for the existing ¢ will not be retained when the 
system is finally completed. An additional pair of 
frequencies will be used for the second channel, the 
general arrangement of the full two-way system being 
shown in Fig. 18. 


Tue Furure 
It will be appreciated that the long-distance relaying 
of television signals is still in its early stages and that 
it is not an easy matter to specify, in the necessary 
detail, the performance requirements which must be 
met for the individual] systems involved in the 
relaying over long distances of such signals. Soon, 











Fie, 17.—Mopet or Savesrsa Station Towsnrs. 
practical a of the relaying of television 
signals by radio and by coaxial cable will become 


possible in this country, but the results of such com- @ Am 80¢ TeLevisON staTIONS 
os eee be awaited before becoming committed @ OTE BOC TELEVISION STATIONS 

to the actual means of provision for further extensions ota 

in view of public demand for the expansion of the Rvs omen ce AR 

television service. Thus, the extension of the tele- 

vision service from Birmingham to the Manchester Fro. 19.—Expansion ov Taievision Szavice. 
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from the links becomes more and more exacting 


if the ive effects of distortion in the com- 
ponent parts of the overall system are to be kept 
’ low 


This article has outlined the position of the relaying 
of the present United Kingdom standard television 
transmissions, Doubtless at some time in the future 
a higher definition or, peeee. colour will be 
demanded, with a consequent for the transmission 
’ mencies to an even more 

ifcation if the advantage of 

It seems likely 

of radio will come even more to 

demands for wider transmission 

If, in the more remote future, the use of still 
frequency bands, —_ several hundred mega- 
in width, becomes a necessity, it 

that’ the waveguide method of trans- 

in which the signal will be transmitted (or 
) through a hollow metal tube, laid in the ground 
is today, will be required. It will be 
what has already been said that the 


nee 


The development, production and installation of 
the London- i radio-relay system has been 
carried through by the General Electric Co., to whom 
we are indebted for much of the information con- 
tained in the brief description of the link 


Book Review 


** The Principles of Scientific Kesearch."’ Paul Freedman 
B.Sc., M.LE.E., F.1.E.S. Macdonald & Co. (Pub 
lishers), Ltd., Lendon. 222 pp. 11 ill. iis 

The word “ science " can have various meanings, yet 

it is evident that possession of knowledge is, by itself 
no indication of that capacity for origina! thought which 
is an essential for successful scientific research. The 
author of this book is careful to give reasoned definitions 
of the meanings he gives to the words “ science and 
“ scientific research ” in the introductory part, which 
occupies the first three chapters. Taken as a whole 
these chapters (60 pp.), outline influences of society and 
philosophy on scientific research, covering the whole 
span of recorded history and many branches of science 
This remarkable feat of condensation is achieved by 
allowing the essential historical record to run through 
and by interspersing it with comment to bring out the 
points the author most wishes to make. It is interesting 
to note that the landmarks in the history of the methods 
of scientific research are not necessarily the same as 
those in the more familiar history of the product, 
scientific knowledge. A nice sense of proportion is 
maintained throughout the book and we share the 
author's regret that in consequence, the historical 
introduction cannot be given more space 

The remaining chapters contain advice and information 
concerning scientific research, primarily written for those 
who are inexperienced. Aspects covered include the 
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T Facilities in H.M.T.S. Monarch 


V.D.C. 621,315.28 


gained in various aspects of deep-sea 

telegraph cable laying and repairing has led to 

modifications in the testing-room apparatus and 

circuits. That the modifications have, in general, 

been of a minor nature is a sufficient indication of the 
excellence of the original installation.’ 

In this article a description is given of the testing 
facilities as they are at present, without detailing the 
alterations that have been made, but it may perhaps 
be mentioned that the largest single change on the 
D.C, side is the provision of a guarding system, and 
in the A.C. bridge equipment certain additions and 
rearrangements have been made, with an improve- 
ment in the 230V A power supply 


General. 

The testing room (Fig. 1), measuring 15 ft. « 16 ft., 
is situated on the port side at the forward end of the 
shelter deck, with access from the centre castle and a 
view of the fovedeck. The main test table (Pig. 2), 
accesible on three sides, is 12 it 5 ft., and on this 
is mounted all the permanent D.C. apparatus. The 
A.C. bridge, with associated apparatus, is built up on 
a narrow bench against the after bulkhead 

The fore part of the room contains a desk, settee, 
filing cabinet and wash basin. Adequate cupboard 
space is provided for storing spare equipment and 
accessories 
Power Supplies 

The ship's supply is 220V D. 

TCable Test Report No. 1327 (restricted 


Girt HMTS Monarch was fitted out, ex- 


balanced to earth 


Pia, 1.——Ceweeat View oF ree Tesrixne Room. 


and an adequate number of points is provided in the 
testing room. For the battery to the D.C, 
testing sets, accumulators are , and these are 


hea. 2. Tee Mar Test Taste, snowins Syrnow Recomper 
ann D.R. Test Ser. 


charged from the ship's mains in a cupboard adjacent 
but external to the testing room. verse current 
relays protect the batteries against mains failure. 
Two separate motor alternator sets, each of 800 W, 
provide the 230V A.C. 50 c/s supply 
needed by the bulk of the A.C, bridge 
equipment. These sets are housed in 
the thermo-tank room on the main 
deck, but apart from isolating switches 
all the controls are mounted in the 
testing room. The A.C. output is 
stabilised against variations on the 
D.C. side by rectifying a portion of the 
output and injecting it into the alter- 
nator field. Control of the output 
voltage is also given by means of a 
variable ratio transformer. Each alter- 
nator has its own panel of output 
sockets and transformer, so that an extra 
degree of decoupling between high- and 
low-level mains-driven apparatus can be 
attained if desired. 


Intercommumcation Facilities. 

A telephone on the ship's main 
internal system has five outlets, with 
push-button selection. These outlets 
are to the forward and after drum 





rooms, the chart room, and to two surtes which may 
occupied by representatives of concerns charter- 
the ship. A separate telephone communicates 
the bow and stern sheaves. 
audible signal may be made to cach of the four 
tanks by means of bell-pushes, and in the reverse 
irection a bell signal may be received from the tanks 
a drop indicator board identifying the tank. This 
bell system may be used according to any pre 
arranged code, to indicate for example that a splice 
is about to be paid out, or in conjunction with the 
telephone leads associated with the tank testing leads. 


Test Leads. 

Six sets of permanent test leads are provided, 
connecting the testing room with the forward and 
after drum rooms, and with test boards adjacent to 
each of the four cable tanks. Each set consists of 
eight double-lead-covered rubber-insulated D.C. test 
leads (150-lb. conductor), two polythene-insulated 
coaxial cores with centre conductor of 508 Ib./n.m 
and copper return conductor for A.C. tests, and a 
4core 40-Ib. lead-covered cable used chiefly for 
communication purposes 

At the far end of the leads (i.e., remote from the 
testing room) each of the D.C. and A.C. test leads 
terminates in a heavy slotted terminal mounted on an 
ebonite pillar. The D.C. leads are guarded by brass 
plates under the pillars these plates being connected to 
the intermediate lead sheaths. The outer sheaths are 
connected together to form the earth return, and this 
“ earth ” may be connected to the hull earth as re- 
quired. The guard system on each set of leads may 
be isolated from the rest and further sub-divided into 
two groups, should it be necessary to trace a Sault in 
this system. The screens of the A.C. coaxial leads 
are brought out separately to terminals closely 
associated with their appropriate line terminals, in 
order that connections may be made with the mini- 
mum of added inductance 

Two flexible double-screened polythene coaxial 
leads are employed for connecting from any terminal 
board to the end of a cable These leads are used 
chiefly on the foredeck, to connect cable to the 
forward drum-room, particularly for tests just prior 
to a final splice. Similar type leads have been run 
from the testing room to cable tanks |, 2 and 3, 4 
(shared). These were installed before the guard 
system had been instituted on the normal! test leads, 
at a time when it was necessary to make insulation 
tests on a long length of polythene cable with very 

igh intrinsic insulation resistance. They will be 
useful in the future should it be necessary to make 
tests at high voltage. 

In the testing room, all the sets of normal testing 
leads and the four-core leads terminate on a Paxolin 

1 mounted on the main testing table against the 
inboard bulkhead. Also connected to jacks on this 
panel are telephone leads from the Senior Testing 
Officer's cabin and from that of the Leading 
Jointer. The test board thus provides facilities for 
connecting up a Telephone “ F “ in the testing room 
with other parts of the ship, and also for inter- 
connecting these places. 


at the same time as another. 


Tue Conpucror Resistance Test Set 
General Considerations. 


shore station is required to make a 

ship. Normally the “ low potential 

when maki i tests, but it 

nected to the other end of the conductor 

ends of the cable are available in the ship, as in 

loop tests on stock cable. Should a fault occur in a 
h of such cable, SI is used to earth the 

battery for a Varley test. 

The bri normally reads in International ohms, 
but an itional ratio arm has been ' i 
B.A. ohms* to give direct answers in these units if 
desired, the records of some cable systems being 
based on B.A. ohms. 


Calvanometers. 

Two galvanometers are permanen 
bridge via the galvanometer key, which short-circuits 
one when the other is in use, galvanometer is of 
the " Unipivot " (pointer) type, with a sensitivity of 
1-1 divisions per mi . This is used for 
obtaining initial balances, for routine 
CLR, tests the ship is steady, and for 4 
conthonens Sieebtidaall da talemes olen anid up 
to an earth fault. The other galvanometer is 
sensitive, being of the reflecting . The sensitivit 
of the suspension and coi employed in this 


* Resistance in B.A. (British Association) ohms — 
in International ohms x 1-136. 


wired to the 
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gemma instrument is 40 mm. per micro amp. The 

coil carries small adjustable weights, by means of 

the centre of gravity of the coil assembly may 

be brought exactly in line with the suspension. This 

ensures that there will be no appreciable rotation of 

the coil relative to the pole pieces when the ship rolls 

or pitches. Another important feature of this galvan- 

ometer is the wide range of control on the torsion 

head, which is used extensively in testing to False 
Zero or in Break tests as described below 


False Zero (or Cable Zero) Test 


When measuring the resistance of a single conductor, 
with one end only available at the testing station, it is 
to use the earth as a return conductor. 


necessary 

With the earth as part of the loop, it is at once appar- 
ent that any potential difference existing along the 
earth circuit will have an effect on the measuriiig 
bridge. Unfortunately, such P.D.s do exist, and they 
may be due to induced E.M.F.s in water moving 
relative to the earth's magnetic field, to interference 
from other neighbouring electrical circuits, or to 


magnetic disturbances. Spasmodic variations in the 
P.D. have to be tolerated, testing being carried out if 
possible in the quiet intervals, but the steadier com- 
ponents may be allowed for by observing their effect 
on the galvanometer deflection, and adjusting the 
bridge measuring resistance accordingly. Thus, at 
false zero balance, the deflection is the same whether 
the testing battery is applied or not 

It is important that the resistance of the network, 
as seen from the line, should not differ with the 
change in the battery conditions, and for this reason it 
is preferred that the resistors R1 and R2 used for 
controlling the testing current be connected on the 


bridge side of the a key, so that they remain in 
circuit. It will be noted that in the false zero con- 
dition (Le., battery not operated) the low 
sistance battery is re by a direct connection, 
not a disconnection. 

It may be found that the reflected spot of light 
moves off the scale under the influence of the earth 
P_D.s even with the galvanometer well shunted. As 
this would lead pet pe: co tgeonp ee pee 
torsion head is operated to erg dos the spot back on the 
scale as balance 1s a with the shunt 
up to fall sensitivity if necessary. The electrical zero 
used in balancing may thus be different from the 


mechanical or scale zero of the 
testing a long line, it is not that the gal- 
vanometer should be subject to the of charge 
brought about by the operations of the battery 
and it is short-cireuited during such operations. It 
may sometimes occur that even so the galvanometer 
has to tolerate quite a violent change of conditions, 
owing to a big difference between the mechanical and 
electrical zeros. In such a case the short-circuiting of 
- ener any SS eee 

2, which ae Oe ee 
Adjvotinent of 3 


better to use R3 or the short-circuiting key depends 
on the circumstances, particularly with regard to the 
effect of galvanometer damping. 


Testing to a Break. 

When the copper conductor is exposed to sea water, 
it forms a cell with the iron of the armouring wires, 
the open circuit E.M.F. being about 0-5 V, with the 
copper positive. This cell polarises when current is 





strength and on the direction of the current.* 

order to measure the resistance of the conductor 

y, therefore, not only to allow 

the E.M.F. at the fault, but 

fault resistance from the value 

idge. Various tests have been 

latter object in view, all being based 

that the variation of fault resis- 

may be determined. Resistors 

ved to give control of the current 

1 across R2 enabies the current to 

ickly from one value to another, and 

. with the battery key left down, 

results in a form of test called “ reduced current zero.” 

This is, in effect, a controlled false zero and, strictly 

ing, the effect of the line voltages is different in 

two positions of Kl, owing to the change of 

resistance involved, but the error from this cause is 

not normally j to be significant. For faults 

close to the ship, the resistance R4 is put in series with 

the line, as it is more convenient to have the bulk of 
the line resistance invariable with current 

It should be borne in mind that one effect at least, 

polarisation, is time dependent. Consequently, the 

electrical zero at which to balance is the position of the 

light spot after the initial kick due to inductive effects 


on we the battery conditions, but before the 
drifts away under the influence of polarisation 
ge. 


Tue Insu.ation (Dieiectric Resistance) Test Set 


The circuit is shown in Fig. 4. The resistance to 
earth from the line terminal is measured by com- 
paring the amount of current flowing with that which 
is passed by a standard resistance (1 megohm). The 
simple series circuits such as (a) and (6), shown inset 


* Munro and Jamieson's Pocket Book p 331 
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The latter is rather 
disadvantage in the way in which 
time-constants of the line and standard 


gE to a certain extent 
to the network. It is 
Kelvin's method of mixtures has 
Gott’s method, and the 

in Monarch 
uit used. The line is charged 


H 








oceur, it is possible by the use 

than the capacitance to be measured, to work 
the st right across the slide wire, with 

slight extra complication in the 


tively are used with the 
mica capacitors, which are 

at suitable intervals, enable 
capacitances to be obtained. 


Recorper, A.C. Bripce AND 
MISCELLANEOUS APPARATUS 

















Recorder Circuit. 

Signalling is carried out by a form 
of Morse code with “dots” and 
“ dashes *’ of equal length but opposite 
polarity, a syphon recorder being used 
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from part of the slide wire, and the standard capaci- 
tor from the remainder. After 15 to 30 seconds 
the slide wire is disconnected and the charges allowed 
to mix for a similar time, the residual charge then 

' put through a galvanometer. Malance is 
obt by varying the slide position until the residual 
is zero or negligibly small. In practice, the balance 
point may be accurately estimated once two reason- 
ably close positions have been noted giving residuals 
of opposite sign and known relative magnitude, as 
judged by the direction and magnitude of the gal- 
vanometer throw. It is usual to make the test with 
the two polarities of battery (10 V or so) in order to 
reduce any error due to earth P.D.s 

The reflecting galvanometer employed is more 
ballistic than those previously referred to, and has a 
current sensitivity of 380 mm. per micro-amp. It is 
not balanced, but little difficulty is experienced in 
observing “ kicks “ superimposed on slow movements 
due to the roll and pitch of the ship 

Reference to Fig. § will show that the main differ- 
ence in the circuit compared with the mixtures-test 
cireuit, as usually drawn, is that earth is connected 
directly to one end of the slide wire (4 dial). The 


carrying glass syphon to mark a trace 
on a moving slip of paper. The 
circuit, shown in Fig. 6, is that of the long 
distance recorder. A i i 

series in the receive condition to provide 

degree of equalisation, to restore signal shape. This 
is rarely used on the ship, as sensitivity is seriously 
impaired unless the capacitance is made considerably 
larger than the 10 microfarads shown. A less sensitive 
recorder is also available. The circuit is similar to 
Fig. 6 except that no capacitor is included, and an 
adjustable resistance is put in series with the line to 
reduce the current on short Using both 
recorders is an advantage when testing to stations at 
both ends before a final splice, as continual adjust- 
ment of shunts and battery powers is avoided. 


A.C. Bridge 

The A.C. bridge is used in the localisation of faults 
by the impedance/frequency method, and also, when 
opportunity serves, in determining the constants of 
various sizes and types of cable. 

A schematic diagram of the bridge and associated 
apparatus is given in Fig. 7, and indicates the facilities 
available for connecting up the oscillator and detector 
units to the bridge by plug-ended cords. 
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With the exception of the heterodyne detector all 
the units are mains driven, the power packs for the 
sub-audio oscillator and amplifier being of particularly 
low impedance. 

As far as can be foreseen, Monarch is likely to have 
to deal with unbalanced cable only, and the bridge is, 
therefore, wired with one point earthed. The im 
pedances to be dealt with vary over a wide range of 
modulus and angle, and a large degree of flexibility of 
interconnecting components is required. Furthermore 
the range of frequency required is also very wide, so 
that a ratio-arm bridge is preferred. This has the 
advantage of being satisfactory up to the highest 
frequency employed (111 kc/s), which has been found 
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vont oveitied in eeuinion A. 4 
However, attention has been og 
wiring layout to reduce to a minimum 
inductance and capacitance errors. Where 

— in absclute measurements is 
req substitution methods are em- 
ployed. This is particularly necessary at 

sub-audio , where in any case 
a series-artifice bridge (added capacitance 
in series with the line) has to be resorted to in order to 
measure the large capacitance component of the cable 
impedance. 

n the impedance/frequency method of fault 
localisation the measured by the bridge 
will differ from the characteristic im 
that the wave reflected from the fault is not 
attenuat Guctng Be pean tats esos 
If the received reflected voltage is in phase wit the 
sent voltage, the impedance will be a maximum, and 
the respective currents are out of . When the 


converse apphes, the impedance 
The phase is 
along the cable to the fault and back, and provided 
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tively, and 
miles. (It is 


hd of propagation at 
faeces submarine cable 
omg and the wavelength in 
hen about 0-44 n.m. This means 
wate to enable a difference 
to be measured on 
radians (working between a 
let een and minimum, or vice versa, on 
¢ frequency characteristic) 
mn. As the ship would invariably 
any fault within this distance, the limiting 
is satisfactory. 
It can be shown that, for a fault giving practically 
a full reflection, the hange to the fault and 
back will always be at least 27 radians when the cable 
ettenantion to the fault is 37-8 db If the bridge and 
is sufficiently sensitive to detect 


associated apparatus 
changes in oon. at this attenuation distance, the 
of physical distance is governed 
by the 


y ong measuring at sufficiently low 

It is for the purpose of investigating the possibility 
faults up to 1,000 nautical miles from the 

that sub-audio apparatus has been installed. 

The output of the tuned amplifier connected to the 
bridge is fed to the Y-plate amplifier of the cathode- 
ray tube, with the oscillator giving a horizontal sweep 
on the X~plates. At balance there is no vertical move- 
ment of the trace, except that due to harmonics (when 
t) and these are clearly distinguished from the 

tal by the distinctive pattern 
The wave-analyser is used as an amplifier-detector 
on the for low frequencies above the range of 
the sub-a apparatus, and is a useful alternative 
to the other detecting equipment up to 16 ke/s 

The a of results obtained at very low 
with that at higher frequencies, 

ult by the rapid change of character- 

with frequency, and by the fact that 

the velocity of transmission is itself frequency- 
dependent. Whatever frequency range is involved, 
however, it is almost always useful to recognise the 
fact that the phase constant, 8, becomes indefinitely 
small as frequency decreases towards zero, thus 
vem one known point on all phase-constant 

uency cable characteristics 


detector for use in the 
Satisfactory results have 
paragutta 508/680 core 
Should the be required to 
cables, the quad-switching 
devices are available, and attenuation and 
sets may be built up. 


Future Developments 
One troublesome factor in the 
conductor resistance on i 
the variable E.M.F. caused by 
relative to the earth's 
rolls or pitches. Where 
cable are joined up so that their i M. 
o . In order to have a counter E.M.F. avail- 
at all times, it is tha 
multi-core cable be lai 
ductors will be joined in series to give an 
to many turns of cable. It is not certain 


* be " coil and a poten oo pet. Be Se 
magnitude of counter E.M.F. The induced E.M.F. 
in tank cable also makes it more difficult to observe 
the dielectric resistance in the earlier stages of a long 
laying operation. 

Another improvement, especially when laying a 
long cable, will be to have the cable engine 
repeated to the testing room. With a suitable make 
and break device, it has been found possible to operate 
meters of the subscriber's type. It is hoped also to 
arrange for the temperatures of the tanks to be read at 
any time on a meter in the ing room. 

It is intended that pulse shall be tried for 
the quick localisation of near the oo Ae The 
utility of this type of apparatus will be restricted 
the high attenuation of normal sizes of 
cable. If, in order to increase the range, 
frequencies than those em in pulse us 
designed for land coaxial are used, con- 
siderable distortion of the received pulse must be 
expected, both on account of the Se 
frequency and the velocity/frequency reiationships. 
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A Method of Reducing the Vibration 


from Diesel Engine Generating Sets 


U.D.C. 621.313.322-84 : 621-7522 


HE widespreadj and increasing use by the 
Post Office of stationary diesel engine gene- 
ing sets to provide standby electricity 
supplies to important buildings has drawn attention 
to the noise and vibration which 
cause. This problem has been accentuated by the 
introduction of engines running at higher and higher 
speeds, viz. 1000rpm. and even 1,500 r.p.m 
Speeds of this order present very different problems 
from the 200-300 r.p.m. of the earlier single- and 
twin-cylinder horizontal diesel engines, which were 
such a familiar sight in the early repeater stations, 
where they were frequently the only source of elec- 
tricity supply. A standby engine can with advantage 
be designed to run at a higher speed than an engine 
which is the sole source of power to a building and must 
be run continuously for long periods. The higher 
speed enables a more compact engine requiring less 
accommodation to be installed, but more elaborate 
measures may be required to dea! effectively with the 
vibration caused by the engine 
This article deals mainly with the case of diesel 


engine generating sets installed in Post Office build- 
ings, but the methods described below may be ex- 


tended to apply to all types of rotating and re- 
ciprocating ry and impact machines such as 
power hammers and drop stamps 


Vibration. 

Vibration is inherent in the design of reciprocating 
machinery, and is due to the horizontal and vertical 
forces caused by the unbalanced reciprocating and 
rotating masses and, in the case of internal combustion 
engines, to the explosive effects as the fuel is ignited 
and burnt. Improvement to an extent depending 
on the number of cylinders in the engine can be 
effected by means of balancing and this is done as a 
normal of engine design. The first harmonic 
can be eliminated by balancing the rotating masses 
of the cranks, but the higher harmonics are not 
normally dealt with as the problem is too involved and 
costly. The higher harmonics can, however, be 
avoided, in some cases entirely, by selecting the num- 
ber of cylinders, e.g. dynamic balance can be ob- 
tained with a 6-cylinder engine. In the case of the 
4<cylinder engine, there is an appreciable second 
harmonic, which is not normally balanced, although 
in very exceptional cases where perfect balance is 
essential it can be eliminated by incorporating twin 
rotating masses rotating in opposite directions and 
driven at twice the speed of the engine through crank 
shaft gearing. 

The problem is accordingly to reduce the inherent 
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The various types of vibration transmitted by 4 
machine not isolated from its foundations are shown 
in diagrammatical form in Fig. 1. Care must be 

















——-— PRIMARY AIR VIBRATIONS 
——-—-— FOUNDATION VIBRATIONS 


S\S\ SECONDARY AIR VIBRATIONS 


Pic. 1.—Vurmatrions Taawemirrap sy «4 Machine wor 
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primary air vibrations when the former happen to 
of the same as the latter. Consideration 
of the layout of the building should enable the two 
types of air vibration to be distinguished in such 
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transmission of the foundation vibrations from the 
machine to its foundations has been stopped and con- 
the secondary air vibrations have been 
. Further, the intensity of noise in the 
machine room will have been reduced, and this can be 


prevented from spreading by suitable sound- fing 
of the room if _ 


From the foregoing it will be seen that the problem 
resolves itself into the prevention of the transmission 
of the foundation vibrations. This can be done to a 
greater or lesser degree p Bhyeson ming some form of 
elastic material between and its founda- 
tions. It will be helpful at this point to consider the 

and determine the equation of 


motion of a mass supported on a spring subject toa 
forced vibration. 


Theoretical Treatment. 
Fig. 3 shows a mass M supported on an elastic 
FORCE = Pcos 2rint 


LEVEL OF STATIC 
EQUILIGRIUM 


Fie. 3..-Fomcan Vipzation of 4 Maas Surroxtep ow a 
Sreina 


— and acted upon by a force P varying harmonic- 
Ae. th a frequency n. 

ppose that the strength of the spring is such that 

when the compression is x, the force in the spring is jx. 
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Then the equation of motion is >— 
uS = — ps + P cos Ian 


om + px @ P cos 2ant 
p oe eee 


rose [p+ nas ies + Se [=e 


wae the Sra equeny of vibration of the 
* t 
P cos 2wnt 


su dos fons + Ot or ae 
Consider the motion where M starts from rest from 


the position of static equilibrium :— 
P i 
(i) When ¢ = 0, 2 = 0 Ta = ee 
(ii) When ¢ = 0, =o .B=«0O 


Now let Pip «= ¢, where ¢ is the compression of the 
spring produced by pipers Seen 
"Soman of motion now 


i= > [aka (008 Seemt — cos Ben f) 


In actual sini the second term, representing the 
natural frequency of the system, will be associated 
with a damping factor and will be eliminated after an 
interval of time. The state of steady motion will, 
therefore, be represented by 


e 
<= i—wad cos 2arnt 
From this it will be seen that the effect of the 

in reducing the cuphaeie el aeamicaed dace! 
and thus the force tending to cause foundation 
vibration, will be considerable where #/n, is ve 
where the natural frequency of the spring 
is small compared with the of the “die. 
turbing force. If # is less than n, the vibrations will 
be magnified, while ifn = nm, a a dangerous condition 
of resonance will be set up. 


Reduction of Vibration. 


To be of any grrr Pegager scone beans 
of the vibration caused by a machine, t , the 
characteristics of the elastic foundation material must 
be such that the natural of vibration of the 
machine on the elastic ma is well below the 
frequency of the forced vibrations. From this it 
follows that a method of preventing the transmission 
of the higher frequencies will not necessarily prevent 
the transmission of the phrase f ator 
a method of preventing the of the lower 
frequencies will also prevent the transmission of the 
higher frequencies. 


Elastic Foundation Material. 


Two types of elastic material can be used to isolate 
a machine from its foundations :— 





@A & of cork, felt or rubber may be 

under the concrete foundation block 

ing the bed of the machine, or directly under 

the machine bedplate if this is suitable and stiff 

to withstand any torsional stresses im- 

u it by the machine 

(ii) S designed springs with a low natural 

of vibration may be used in place of 

the layer of elastic material to support the 
machine. 

In order to give some idea of the amount by which 
the transmission of vibration may be reduced by these 
methods, the two following examples will serve as 
illustrations. 

First, consider a four-cylinder engine running at 
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800 r.p.m. mounted on a layer of cork subjected to a 
loading of 1 ton per sq. ft. The natural frequency of 
the cork will be about 1,000 per minute, and the 
princi frequency to he suppressed will be the 
second harmonic of 1,600 per minute, The ratio of 
reduction is 
I 
1 — (1,600/1,000)* 1-56 
or approximately 35 per cent 


Second, consider a machine with an 
out-of-balance frequency of 750 per 
minute mounted on springs having a 
natural frequency of 150 per minute 
under a loading of 10 cwt. The ratio 
of reduction is 

I I 
1 — (isp 
or approximately 95 per cent 


In practice the reduction will be less 
than the calculated value. With the 
maximum practicable difference be 
tween natural frequency and that to 
be suppressed, reductions of 65 per 
cent. for cork and 90-095 per cent. for 
springs may be expected. By mount 
ing the machine on a concrete bed of 


The top portion of the anti-vibrator is bolted to the 
base of the machine and the bottom portion to the 
floor. The main isolating medium between the two 
halves consists of a helical spring to have a 
natural frequency under load well the out-of- 


a] 
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Pic. $.—-PRDESTAL-TYPE ANTI-VIBRATORS. 
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balance frequencies of the machine. In addition, 
anti-vibration felt are placed beneath the spring 
and the base of the unit to attenuate any high or 
which may pass through the 
The two felt pads in the form of an 
ees 1 of the unit will look after any hori- 
-balance forces. The most efficient 
ro the anti-vibrator is when the side felt 

im contact with the base of the unit. 
type anti-vibrator, shown in Fig. 6, is 





Fie. 6. Barpas ryPe ANTI-VIBRATOR. 


an alternative arrangement which can be used with 
advantage when headroom is_ restricted The 
machine is bolted to the steel channel section forming 
the bridge, the ends of which are supported on springs 
and felt pads operating on the same principle as the 
pedestal type. 


Resonance. 

It will be noted that the machine will pass through 
the resonant frequency of the springs whenever it is 
started up and shut down, but provided these 
operations are performed as quickly as 
possible no damage will occur. Vibra- 
tions of appreciable amplitude will be 
set up, but these will die away very 

as soon as the resonant fre 
quency is passed. Care must be exer 
cised to ensure that the resonant speed 
is passed through quickly, as vibrations 
of a dangerous amplitude will be rapidly 
built up if there is any hesitation near 
the resonant speed. This should be a 
most unlikely occurrence, however, as 
springs never be used for low- 
speed machines, and the resonant speed 
will be only a small fraction of the 
normal running speed of the machine 
Some Post Office Installations. 

In 1947, it was decided to purchase 
a number of diesel engine generating 
sets to serve as standby sources of 
power to ae the services in 
important in case of power 
failure or load shedding. Several firms 
received bulk allocations of stee! and 
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other materials to enable them to make numbers 
of standard sets and delivery was more 
quickly than would have been the case had sets been 
ordered specially for each requirement. The sets were 
self-contained, mounted on a heavy fabricated 
steel bedplate on which was included a simple switch- 
board to control the output of the generator. 

The Post Office bought forty sets from Messrs. 
Davey Paxman, Ltd., each consisting of an 80-h.p. 
4-cylinder diesel engine running at 1,000 r.p.m. 

direct-coupled to a 65-kVA, 400-V, 
S-phase, D-c/s, 08 factor 
alternator with belt-driven exciter 
mounted upon it. 

The sets are transportable as units 
and do not y prepared 
Soundeliaas "ie eno al consider- 
able advan as it was desired to 
have the sets in service as quickly as 
possible without having to wait for 
elaborate foundations to be pre- 
pared. Another consideration was 
that a number of the sets would 
probably be required in the buildings 
to which they were first allocated for 
a limited period of time, after which 
they could be transferred elsewhere. 
It was therefore desirable to keep 
the cost of the foundations to a 

minimum and their design as simple as possible to 
facilitate later removal. 

Under these circumstances, the use of anti- 
vibrators had everything in its favour and it was 
decided to install the whole of the 40 sets on anti- 
vibrators. The sets weigh approximately 4} tons and 
are mounted on 10 anti-vibrators, each capable of 
carrying a load of 10 cwt. Fig. 7 shows the anti- 
vibrators installed on the existing basement floor 


existing 
ready to receive the 65-kVA set at Clerkenwell 


exchange 


Pre. 7.—Davay Paxman 65-KVA Set wits ANTI-VIBRATORS AT CLERKENWELL 


EXCHANGE. 





These anti-vibrators differ from those illustrated 
in Figs. 4 and §, being of a simpler prefabricated 
type, due to the difficulty in obtaining the necessary 
cast iron castings at that time. The essential com- 
ponents are the same, however, and they are equally 
effective in reducing vibration from the sets 

A completed installation at Museum exchange is 
shown in Fig, & In addition to the anti-vibrator 


Fic. 8.-—-Davay Paxman 656-KVA Ser Mouwren 
Mussum ExcHance 


spring mountings, all connections to the 
set, iLe., cable in conduit, exhaust 
fuel oil and cooling air, are flexible con- 
nections to vent any transmission of 
vibration. set runs very smoothly 
and the amount of vibration transmitted 
to the building is negligible. As men 
tioned earlier, the set does rock notice 
ably when it passes through the 
resonant frequency of the springs on 
being run up to speed or shut down 
but the springs are able to look after 
this transient condition 

For mainly similar reasons the standby 
sets in the four intermediate relay 
stations on the London-Birmingham 
Television Radio-Relay Link have also 
been mounted on anti-vibrators. Each 
of these sets consists of a Ruston and 
Hornsby 30-h.p., 3-cylinder diesel 
engine, running at 1,000 r.p.m. direct 
coupled to a 20-kVA, 0-8 power factor 
alternator with mains voltage chara 
teristics. Each set is mounted or 
5-cwt capacity anti-vibrators, and tl 


ter 


9. 


complete installation at the Dunstable relay station 
is shown in Fig. 9. 

Early Appiscation of Anti-nbdrators. 

ing the material for 


early 
Post 


When the writer was 
this article the following 
application of the use of bp. ag we in t 
Office was to i 
old Port 


would prevent 
caused to the fabric of 


 ANTI-VIBRATORS AT 


Rustow & Hoawsey 20-cVA Ser Mouwrep ow Awri-vipnatons 
at Duwstraste Teteviston Retay Sratron. 
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Decimetre Wavelengths.” RK. A. 
PhD. AMIEE : 
Radiw Technique Series). 


Oim to lm is incl 
“ contimetric " range are to be dealt with 


metric range comprise dipoles, 
ys, Yagis, slots and long-wire 
as rhombics and Vees 

range of wavelengths are of con- 

interest to Post Office racic engineers since 
the Department's single and multi-channel 
links between the mainiand and islands, 

and Holyhead-Douglas, operate 


present book contains not only the basic theory 
metric aetials but also much information of an 
— kind derived from the author's wide 

with radar aerials at the Telecommunications 
Establishment, Minwtry of Supply. It is per- 
minor criticiam of the book that most of the 

of aerial design selected to illustrate the theory 

from radar practice; the book would have 


generally useful had aerials for sound and 


However, the book is thoroughly recommended not 
ray for the clarity of the theoretical treatment, but also 
for the considerable amount of practical information, 


“S * Aerials for Contimetric Wavelengths,” by DW. Fry 
“an FP. K. Goward, Modern Technique Series, Cambridge 
University Press 


“ Pulses and Transients in Communication Circuits.” 
, AMLES Chapman 
: 317 


Anyone fumitiar’ w Mr. Cherry's works will expect 

to be ars he and instructive, and they will 

be disappointed. The last ten or fifteen years have 

very big changes in telecommunications engineering, 

to the introduction of television, radar and 

Where formerly very few of us 

Scudder the transient behaviour of networks, 

ys it is often a vital and sometimes a troublesome 

of our work—troublesome because, as Mr. Cherry 

in his preface, much that has been written on the 

ne in the form and style of professional 

er h, the first chapter, which is devoted 

to ucing solving the differentia! equations that 

form the basis of network theory, is a little disappointing 

and the discussions and explanations, so obviously 

intended to make the treatment simple, are so long that 
one is Ualile to lose the thread of the argument 

Afte considering the frequency spectra of recurrent 

and .... -tecurrent waveforms a general study is made 

of the steady-state properties of two- and four-terminal 

networis. Having thoroughly prepared the way, the 

author goes on to discuss the time responses of passive 

networks to pulses of different shapes and to suddenly 

applied sinewaves. Although the treatment is generally 

very good there is one part that is misleading. It is 


implied on pages 168 and 170 that, in practice, low-pass 
filters cannot be made to have the same skew symmetneal 
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of 
echoes, and the estimation of 
in terms of amplitude and of Seacupene 
method of paired echoes, another 
text books are silent. The value of 
tion is increased by the extensive 
ing 20 to 30 references, that 
The author has 


engineers, not for mathematicians, and as an engineer 
the reviewer congratulates him on his success 


1 POF. Library No, 1681, 


“ Principles of Microwave Circuits.” 
Radiation Laboratory Series 
Institute of Technology). Edited by C. G: Mont- 
gomery, R. H. Dicke and E. M. Purcell. 486 pp., 
293 ill, McGraw-Hill Publishing Co., Ltd., 36s. 
This book deals with the of Maxwell's 
electromagnetic field equations to the analysis of micro- 
wave circuit elements such as waveguides with inductive 
slit and capacitive diaphragms, resonant irises, tuning 
devices, resonant cavities, waveguide junctions with 
multiple arms er the * or T 
directional cou 
use is made 
the equivalent circuit representation of 
circuit elements 
The engineer ts oF 8 ee eee ® 
specific microwave circuit problem will probably not 
find it in this book ; what he will find is a statement of 
the general theoretical from which solutions 
to specific problems may be derived. Practical solutions 
of the latter kind are given for in the “ Wave- 
guide Handbook” (Vol. 10 of the Laboratory 
Series). It is because of the fundamental nature of the 
treatment of the subject that the present volume is 
likely to be of considerable and it value to 
those concerned with the design of ve equipment; 
in other words, it provides a basis for tackling new 
problems not dealt with in text-books of less funda- 
mental scope 
This work has all the clarity of exposition, 
ness and accuracy that one has come to expect of the 
Radiation Laboratory Series and is confidently recom- 
mended to physicists, me yee and mathematicians 
interested in electromagnetic field problems at micro- 


wave frequencies W. J. B. 





“ Stanley K. Lewer, B.Sc The Radio 


Great Britain, London, 1949. %6 pp 
6d. 


> of 
i, 3s. 
: publication, together with a similar volume 
ing with transmitting equipment (see below) have 
a fot and published under the general 
editorship of John Clarricoats, the General Secretary 
of the R.S.G.B,, and are companion volumes to others 
already . The aim of this booklet dealing with 
receivers is to explain to the novice the general funda- 
mental principles, and to a large extent it succeeds 
There are a few criticisms. For instance, on page M4, 
the term “ cross modulation” is suddenly introduced 
with no explanation as to what it is and reference to the 
index shows no reference to the term. On page 30, 
Pigures 24 and 25 have been interchanged with unfor 
tunate results. The illustrations are profuse and clear, 
the inclusion of an occasional ograph being most 
helpful. An extensive bibliography is provided, but 
the method of arrangement in chronological order, in 
which the original articles appear, rather detracts from 
its utility. R. J. 


— Transmitting Equipment.” W. H. Alien, 
.B.E., and J], W. Matthews. The Radio Society of 

Great Britain, London, 1949. 44 pp. 20ill, & 
The make-up of this book is similar to that of 
“ Receivers,” and again the general editor is John 
Clarricoats, The aim is to present simple transmitting 
equipment and associated apparatus in a readable, non 
mathematical manner, the method of treatment being 
to devote the first chapter to fundamentals, the second to 
aerials and the remaining chapters to constructional 
details of specific pieces of apparatus. This method of 
presentation apparentiy absolved the authors from the 
necessity of providing an index. Diagrams and photo- 
graphs are plentiful and layout drawings are given which 
enable the would-be constructor to reproduce accurately 
the various transmitters, etc., described. It is pleasing 
to see such points as the importance of good earthing 
arrangements for components stressed and the chapter 
devoted to aerials gives the reader a general outline of 
the subject. Altogether it may be said that this little 
volume provides much useful information at an extremely 

reasonable cost. R. J. H, 


” The Mathematics of Circuit Analysis.’ E. A, Guillemin 
John Wiley & Sons, Inc., New York (Chapman & 
Hall, Ltd., London 590 pp. 120 ill, $7.50 

Many branches of communication engineering cannot 
be adequately siudied without the use of mathematical 
techniques which are outside the scope of most engineer- 
ing and many mathematical curricula This book, the 
fourth in the “ Principles of Electrical Engineering 
series, by members of the staff of the Massachusetts 
Institute of Technology, is intended to supplement the 
normal training of electrica! engineers, and the authorita- 
tive standing of Professor Guillemin, both as a teacher 
and as a worker, is sufficient guarantee of a high 
standard. 

The book begins with a study of various advanced 
algebraic topics associated with linear systems, in four 
chapters on Determinants, Matrices, Linear Trans 
formations, and Quadrati Forms A chapter on Vector 
Analysis follows. The last two chapters, which occupy 
respectively about a third and a quarter of the book, are 
on Functions of a Complex Variable and on Fourier 
Series and Integrals. Each chapter is accompanied by 
a large number of problems (some 300 altogether), often 
designed to bring out further theorems not explicitly 
mentioned in the text 
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Permanent Magnets.” F.G. Spreadbury, A.M.Inst.B. 
Sir Isaac Pitman & Sons, Ltd., London. 280 
173 il. Soa. 

This contains more detail than 


‘| 
H 


ite 
BF ate ata 


conventional form, with no solution to the 
culties—H is “ of the same nature as B “ so why 
one in oersteds and the other in gauss ? The c 


H 


search-coils for 

subject the “ 

old, is still excellent, might well have 

a reference. The discussion of magnetic leakage starts 
but it leads into calculations, based on artificial 

assumptions, which are of interest chiefly 


outlook of the rest of the book, 
which says that “ magnetism is fundamentally due to 
electric currents.” 

Most of the are good and clear, but they 
have no titles, many of them therefore compel a 
search through the text to discover just what is 
illustrated ; this is intentional, but it is irritating 


that is worth having, but not as good as it easily might 
have been A.C.L 
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Notes and Comments 


Recent Awards 


The Board of Editors has learnt with great pleasure of the honour recently contend apon the following 


member of the Engineering Department — 
Lincoln Telephone Area Jackson, F. 


New Year Honours 


Technician Ci. IIA 


Lieut.-Commdr. Officer of the Order 
R.N.V.R. of the 


The Board of Editors offers congratulations to the following members of the Engineering Department 
honoured by H.M. the King in the New Year Honours List »— 


Hillman, W 
Unitt, A. T. 


Engineering Department 
Engineering Department 


London Telecomms. Region.. Brockwell, A. H. 

aan orr dagge  gl .. Coles, W. H. A. 

Tunbridge ells Telephone Scott, F. W. ad 
Area 


Sir Thomas Purves 

We to record the death of Col. Sir Thomas 
Fortune which occurred on 20th January, in 
London, in his seventy-ninth 

Sir Thomas entered the Civil Service in 1889, and 
transferred in 1892 to the Pest Office Enginee 
Department, in which he had a most distingu 
career, culminating in his appointment in 1922 as 

“in-Chief. He held this position for ten 

years, at a time when rapid technical development 
was providing the means for linking up distant towns 
in Great Britain and on the Continent by means of a 
network of trunk cables, and for setting up a world- 
wide radio communication service. He will be 
remembered at home and abroad for the ability with 
which he directed the application of these develop- 
ments, as well as for the leading part he played in 


bringing about the introduction of automatic switch- 
ing in the local telephone field 


Technical Officer 
oof Motor Transport ‘Officer, 


n 
: 
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Hi 
HH 
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A knighthood was conferred 
in the same year he was elected 
Institution of "Electrical 

On retirement from the 
Thomas became Managing 
Telephones, Ltd., and later, 
Makers’ Association, a position 
retirement in 1948. 


Mr. L. G. Semple 
Mr. L. G. Semple, at one time Chief Regional 
Engineer, Home Counties Region, was promoted 
(im absentia) to Regional Director, North Eastern 
Region, in 1045, while seconded to the Control 
Commission, Germany, as Controller-General, P. & T. 
Division. It is regretted, therefore, that in the last 
issue of the Journal a notice appeared indicating 
that this promotion was of recent date, and apologies 

are offered for the error. 


Institution of Post Office Electrical Engineers 


centres if the amounts are resolved into monthly sums. 


SUBSCRIPTIONS DEDUCTED FROM OFFICIAL 
SALARY 


Cuanoe From Annvat TO Mowruty Depucrions 


Most members of the 1.P.0.E.E. have agreed to avail 
themsacives of the facility afforded by the Department of 
—— their Institution subscriptions deducted from 

, aM arrangement which is of convenience 
beth to tndividual members and to the Institution as a 
whole. Under the existing method, members’ subscrip- 
tions are deducted in one sum annually during the June 
salary month. 

The methods by which subscriptions to various 
National or Departmental organisations -such as the 
1.P.O.E.E.-~are deducted from pay, have recently been 
considered by the Treasury, and it has been found that 
deductions can be more easily dealt with at the pay 


To meet the Treasury the Council of 
the Institution has agreed mar 
1950/1951 Session, 
deducted from official salaries shall be deducted at 
monthly rates instead of by one annual sum. The total 
amount of the annual subscnption will remain unchanged 
for all classes of the 

As from the Ist April, 1960, the annual 1I7s. 6d. 
subscription due from the class of Member will be de- 
ducted at the rate of Is. during the month of April, and 
is. 6d. each month during the months of May to March 
inclusive. The annual 15s wage gz due from the 
classes of Associate Member Associate will be 
deducted at the rate of Is. 3d. on month during the 
months of April te March inclusive. 

(Continued on page 58) 





Regional Notes 
Midiand Region 
GROWTH OF TREE ROOTS IN 4WAY DUCT 

Following a fault on the Birmingham-Ashby M.U 
cable, an attempt was made to rod a spare way in the 
pea they preparatory to drawing in a length of cable 
for temporary repair. Rodding operations were, 
however, unsuccessful and an interruption length was 
laid overground to restore service. When the faulty 
was withdrawn further attempts were made to 
. It was found that two spare ways were completely 
and the way previously occupied by the faulty 

was partially obstructed 


Taze Roor FPormarion 


The ground was excavated to expose the duct track 
one duct removed and the remaining ducts slipped back 
over the cables one at atime. It was then found that a 
root of a nearby willow tree had entered the joint between 
two ducts, grown into all four ways and the firing bore 
and filled them with tightly packed fibrous root for a 
distance of thirty yards. Some idea of the obstruction 
caused can be obtained from the photograph which shows 
lengths of the fibrous root actually removed. The lengths 
have been inserted into a spare 6way duct for illus 
tration purposes E.S.L 


Scotland 
STORM DAMAGE IN THE HEBRIDES 


A snowstorm of unusual severity, accompanied by 
violent lightning, swept over Lewis and Harris in the 
Outer Hebrides on Friday, 9th December, 1949 Peat 
bog is common in the Islands, the result being that with 
the heavy wind and ice-loading sorne 200 poles were badly 
deflected and seven miles of junction route and 200 miles 
of wire will need complete rebuilding 

Several exchanges were isolated. At Callanish (famous 
for its Druid Standing Stone Circle), the D.P. snapped 
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Mar swowtnwe Access ro Srom™ Damace Anna, 


and interruption cable was despatched from Aberdeen 
to Kyle of Lochalsh (200 miles) in two vans 
attached to the first available . 


slide affecting the railway line 
two days en le 
been sent 


ruption ca 
Inverness 
without delay 


All stores had to be 

be a veritable bottlenec 
capable of taking only a limited quantity of 
addition to its usual cargo of essential 
etc., for Lewis. The result 


together with su 

piled up on the dock side 

Kyle had to sort out the items 
and ensure that 


far experienced has been tha 
—voracious animals—seem to have a 








Home Counties Region 
“TESTS AND PESTS “ 
jc inspection isi pole routes and the 
in pole renewals, a great deal of 
to the decayed portions of tumber 
section from the sound timber, it 
ted portion had been extensively 
examination revealed that a 
thriving on the wood decay and, as 
of interest, it was passed to the Essex Institute 
at Writtle, near Cheimsford 

A — teceived from the British Museum 

that larva is in the group of the largest British 
to soologists as “ Prionus 
m for telephone pole wood 
larva and doubtiess it came from 
tree sturnp 
of interest covers the ure for odd 
: steel aerial cable. On « nomber of 
the local cabling network at a large well-known 
had been affected by rodents, which damaged the 
where it leaves the interna! cable chase to a 
; to a joint box. The damage was always 
the where the cable enters the pipe, which had 
sealed, and it was thought that the rats 
on poisoned attempted to follow the cable route in 
search water. 

In spite of the efforts of the management to dispose of 
the rats, some effective measure was necessary to prevent 
disruption of the telephone service, and the trouble has 
been satisfactorily cleared by renewing the faulty cables 
with odd short lengths of stainless stee! aerial cable at the 
point where the lead cable had been continually affected 

L. GH 


South-Western Region 
BOURNEMOUTH AUTOMATIC AREA 


The first stage of conversion to automatic working was 
completed successfully on 30th November 1949. General 
restriction on new buildings explains a modest com- 
mencement with two satellite exchanges and a tandem 
exchange, the latter installed in the building used for 
the Telephone Manager's Offices. A third exchange is 
due for conversion to satellite in 1952. Although plans 
for solution of a thorny problem at the Centra! exchange, 
Bournemouth, are well advanced, the date for completion 
is in the lap of the Ministry of Works ' Bournemouth 
multi-office area thus becomes the first to be provided with 
multi-metering on conversion from manual, but as the 
tandem exchange has no subscribers’ multiple the 
provision of non-metering relay seta is adequate for the 

uipment fitted in this building; nevertheless, in the 
allocation of dialling codes the standard arrangement 
for non-director areas has been made. The absence of 
multiple at the tandem exchange gave rise to a number 
of »*blems affecting the service circuits in the same 
building, particularly to the maintenance control which 
was, in common with all other service lines in the 
building, connected to the Central (Bournemouth) 
exchange, the latter retaining manua! working initially 

The conversions at Boscombe and Canford Cliffs have 
been effected in cach scheme as a turn-round in the 
existing buildings, and the temporary alterations to 
manual equipment and cable racking in the apparatus 
rooms to permit a satisfactory layout of the automatic 
plant called for much ingenuity. Subsequent to the 
transfer the maximum precautions were taken to prevent 
dispersal of dust to the automatic equipment by the use 
of vacuum cleaners and dust sheets (the close proximity 
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of new and old equipment prevented the erection of 
partitions) 

Efforts are being made to make the maximum use of 
the automatic equipment already provided and 
for further extension are maintained bat, with 23, 
working lines within a 5-mile radius of the main exchange, 
the task ahead remains formidable. M.C.5S. 


Welsh and Border Counties Region 
TENBY-CALDY RADIO TELEPHONE LINK 


For some considerable time the necessity has been felt 
for a reliable means of communication between the Island 
of Caldy and the mainland. Communication has been 
provided in the past by means of a submarine cable 
which was abandoned and then by the Coastguards work- 
ing by medium wave R/T to the Coastguards at Tenby. 
This method has proved unsatisfactory, due to the 
difficulty of maimtaining a continuous watch 

A decimon was made by Headquarters early in 1949 to 
install, at Tenby and Caldy, terminals of the new V.H.F. 
inter-island telephone equipment on an experimental 
basis for six months. If sati operation was 
obtained, the Area would take over complete main- 
tenance 

A full description of the equipment has been given by 
Mesars. Hollinghurst and Sowton in the on “V.HLF. 
Communication,” delivered to the LE.E. in 1969. It is 
sufficient to state that it is entirely battery-operated from 
dry and wet Leclanché cells which, with normal operating 
conditions, will give a life of ximately four months. 
Facilities are provided for C k and auto-signalling and 
supervisorics 

The Area was asked to co-operate with the Engineer- 
in-Chief'’s Radio Branch on the installation in October, 
1949. Equipment accommodation was found at Caldy in 
the basement of the “Cha of Our Lady” and at 
Tenby in the roof space aerials, a dipole with 
reflector at Cally, were mounted on a 24-ft. medium 
pole, which forms part of the overhead 2-wire route to 
Caldy Sub Post Office. At Tenby they are mounted tem- 
porarily on a steel roof sta } 


Rapio Egurrwenr rirrep m Roor Srace. 


The installation was completed by the end of October 
and, after some experimental work, was opened for 
public service on the 7th November, 1949. The popularity 
of the circuit has exceeded all expectations, and during 
the months of December and January, 464 outgaing and 
218 incoming calls were passed from and to the Caldy 
S.O. The signal-to-noise ratio of the circuit is 
sufficiently high to allow calls to be extended to the 





Inland and Continental trunk networks with satis- 


Dero.e wire Rercecror ar CaLpy 


The fault liability of the equipment has proved to be 
reasonably low and it is expected that maintenance will 
be handed over to the Area in May of this year 

Caldy is so well known that the successful establish 
ment there of the first-ever public telephone circuit of 
this type is worth reporting EM B 


North-Western Region 
LIVERPOOL KIOSK CONSTRUCTION 


Delays in organisation at one time made the provision 
of telephone kiosks a protracted operation, and at the 
beginning of 1948 the whole of the arrangements were 
examined with a view to reducing such delays to a period 
more in keeping with the length of time it takes to do the 
actual work. The first stage was in the co-ordination of 
the siting proposals s© that the Sales, Deve 
Electric Light and Power Groups could 
site in conjunction with the Surveyor and the Electricity 
Authority with a minimum of correspondences 

Originally, after the site was determined, the kiosk 
fabric was erected and instructions were passed for the 
connection of electric light cable and telephone wires, and 
the kiosk was put on the list for painting. In this way, the 
kiosk would stand idle for three months or more, waiting 
the provision of services before the equipment could be 
installed, and the appearance was a direct invitation to 
the rougher elements to smash the windows. During the 
course of the investigation, it was also found that as 
much as thirty-five pounds was charged by the Electricity 
Authority to arrange for the disconnection and reconnec 
tion of the electricity supply when a kiosk was being 
renewed, due to the special precautions necessary when 
there is any delay between demolition and reconstruction 
It was decided to approach the Loca! Authority to agree 
on adopting a new method which would leave the fuse 
box supported on a template with the fuses withdrawn 
during renewal 

The ultimate plan, therefore, was to set up a paint 
factory for the painting of assembled kiosks which, after 
being fully equipped with electric light and telephone 
equipment, would be transported to the site and by the 
use of a rapid hardening cement be brought 
on the same day, whether the site was new or whether 
the kiosk was to be placed in the same position as one 
demolished 


lopment, and 
letermine the 


into service 


This plan was developed in stages. Firstly, 
ol new kiosks was sapere goed gad nome Sgn 
and transported to the site, where it was erected and 
finished off with red putty. The Local Electricity 
Authority received the of 


demolished and the new one erected and brought into 
service in twelve hours— a ee ae 
headquarters to returning. The staff 

three-man kiosk erection gang. installation Geter os a 
E.L. & P. fitter. 


to be desired. However, a device for li 
was seen at a local factory and the 
sales bonamaaledahiaiae extaaaee 
anics immedia ctpiann Peery segar: + 


two suggestions were submitted, one of 
form of eccentric loading and shows 
ultimate success. The device invol 
axles ay NYS a trailer f 

a ee is 

base of 


platform for t 
supporting the 
supporting the side of the 

near the centre of the vertical at 


an arc relative to the axle and so lowers the L-platform 


Tue Krosx Caneren 


about three inches. Restoring the trajler arm to normal 
thus lifts the platform three inches. If the kiosk is 
erected on battens, the platform can be pushed under the 
base and the kiosk lifted for transportation. During 
transportation, the kiosk is carried at an angle of about 
30° to the horizontal with the L-platform locked in that 
position. Placing the completed kiosk on site should then 
present little difhculty as the process of is simply 
reversed, and the kiosk can be set down on the foundation 
bricks prior to cementing 
The trailer has now been completed and preliminary 
trials on a few kiosks have shown that with an adequate 
kiosk programme a considerable saving of labour will 
W.F_D 
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result 





pre 
interested should contact a member of the Committee 
full details of the Centre's activities, G.A. E. B. 


Bradford Centre 


The 1049-50 session opened on the Lith October, 1949, 
@ survey of the events up to the end of that month 


Bg abe the Journal 
November, Mr. G. Woodhead read an 


excellent paper on “ Town and Country Planning,” 
followed a lively discussion. 


iflustrated by tern slides devised by , 
, and much information about a subject which 


November, . occasion of a 
* Demonstration of a Model Locomotive,” 
» KK. Searth of the Bradford Model En- 
. Mr. Searth was assisted in the lecture 
demonstration by Mr. ©. Thornton, also of the 
. . This was one of the most interesting 
enjoyable meetings of the session 
ym the 15th December a talk and demonstration on 
* Amateur Radio as a Hobby were presented by the 
Telephone Area Sports and Social Club, Radio 
This was a very noteworthy meeting. 
2ist November, visits were made to the Bradford 
Police “ 009 and Radio Central Station. All who 
agreed * crime does not pay.” 
milestone in the Centre's march of progress was 
on the 27th January, 1950, for this was the 
occasion on which we managed to defeat a very gallant 
team at Scarborough in a“ Quiz Competition " conducted 
im our respective meeting places over amplified lines 
The score was Bradford 31, Scarborough 27; this was 
really a big surprise to us as we had been given to under- 
stand that Scarborough were invincible. but perhaps the 
fact that, departing from usual procedure, we held this 
; in “The Market Tavern “ and had fortified 
Ourselves with sandwiches, etc., had an effect on our 
team! A very enjoyable evening was spent both by us 
Ss . and a return match will certainly be 
one of the attractions of next session's programme. Our 
thanks are extended to Scarborough for issuing the 
challenge and for co-operating to give us a jolly evening, 
Several senior members, including Mr. |. W. Barratt, the 
Regional Liaison Officer, and the Telephone Managers of 
Bradford and York came along and joined in the fun. 
All that Departmental! life and terms can have 
am sides even though we are apt to overlook them 
sometimes. These contests are recommended to other 


Ha bo 


a : 


f 


held in May, 1950. 


Chichester Centre 

The officers are as follows :— 

Chairman: W. CC. Jackson; Vice-Chairman: B. G. 
Ifowld ; Secretary: KR. W. Smith; Treasurer: A. T. 
Yardley 

The membership is good considering our very 
area and meetings have been with 
cussions. We have had papers on “ LC. Engines,” by 
K. B. Salmon; “ Progress of the Ti "4 
Carr; “ Clocks, Mechanical and .” by N. 
Fletcher ; “ Radio Interference,” by N. ; 
we are looking forward to a visit to the National 
Physical Laboratory 


Darlington Centre 
Programme arrangements for the 1949-50 session were 
completed without difficulty and no excuses were 


offered by the Committee in submitting the following:— 





llth October, 1949.—Carrier, Without Tears —Mr 
G. B. Hart, AM.LE_E 
Sth November, 1049.-Introduction to Atomic 


a A. J. Shieli, B.Sc. 
i December, 1949.—U.AX.s Simplified-—Mr 


G. Dale. 

10th _ , 1960.-—-Development and Plananing— 
Messrs. J A and J W. Brown 

7th February, 1960.Amateur Kadio—Mr. R 
Dodds. 

7th March, 1060.—-The North-Eastern Electricity 


Board—Mr. T. E. Daniels, M.Eng, M.LE.E., 
M.I Mech E. 


18th April, 1960.-—-Annua! General Meeting 

Fx preamons of appreciation of the talks given to date 
—by members and visitors-—have been most encouraging 
to the Committee. 

Visits to various works, etc., have also proved to be 
very popular. 

On @th November. 16949. the Centre arranged for 
parties to visit three collieries in the district and full 
advantage was taken by members, and visitors who 
attend monthly meetings, to whom we extended in 
vitations. 

Suitably garbed for the occasion they were conducted 
into the bowels of the earth and al! the hazards of a 
miner's life below were brought home to them-—in fact, 
one party, including the Area E (Mr. A. C 

had t crawl on all fours through a 2-(t 

the 

electrical coal cutter—was seen in operation, as also were 

other devices used in this underground industry. The 

experience created a profound impression and a higher 
—— for another man's job-——coa! mining 

Darlington Power Station was the next port of call 

Congratulations to Middlesbrough Centre in arranging 
@ visit from our President (Mr. H. R. Harbottie) on 16th 
February, 1960 

It is regretted that he will be unable to visit the 
Darlington Centre, too, but it is hoped that a representa 
tive number of members wil! be in attendance, and that 
it will be as successful as when our previous President 
(Mr. D. Smith) came to Darlington to mark the first 
visit ef the President to a Previncial Junior Centre 

The recent suggestion to «ct up a “ Junior Section 
Forum “ in the /.P.0.8.E. journal is welcomed, and it is 
thought that such a departure would lead to an exchange 
of views by various Centres to the common good of the 
Junior Section 

The Darlington Centre would like to read in this 
“ Forum ™ the opinions of other centres as to how they 
think recognition could be given to a member who gives 
a talk without a paper-—to enable him to participate in 
the competition sponsored by the Council of the Parent 
Institution. How could he be assessed and by whom ? 
If this could be decided then the Council could be 
approached to amend the rules which only allow «a 
paper prepared in advance and read at a meeting to 
qualify 

The opinion of our Committee, in the light of experience, 
is that greater credit is duc to a member who can say his 


piece without the written paper 
CV. 


Doncaster Centre 


On ist December a trans-area quiz was held between 
Lincoln and Doncaster Centres. A 4-wire circuit was 
used, terminated at each end by microphones and loud- 


speakers. 
Doncaster made off to an excellent start but at the 
end of the second half Lincoln had drawn equal. Both 


14th March. —Quiz. 
18th April.-Open Night and A.G.M. 
It ts pleasing to note that attendances have been 
and it is our intention to increase the interest 
staff in our activities. D. M. 


Maidstone Centre 

The following officers were elected at the Annual 
General Meeting :— 

Chairman : G. T. Cheeseman ; Secretary: C. Tame ; 
Treasurer: R. W. Wallond; Commiltee: Mesers. 
Barham, Borrows, Shaw, Garrod, oy phe Beckett. 

The first was a lecture on “ manufacture.’ 
followed by a to the Hanwell Optical Co. works 
where Mr. Johnson gave a fine insight into the 
side of lens manufacture. The t two meetings 
on “ Carrier Telephony Systems,” Regan, 
by Mr. Casey's paper on "* Electrical Calculators.” 

The of the comprised : “ Main 
Line Planning,” . © st 
Engines “ (Piston and Jet) ; 
tion,” by E. G. ; the A General ing 
be held on 3rd 1 


Middiesbrough Centre 
It is pleasing to note 
maintained, as shown in 
the meetings. 
17th November. Local 
Heppi proved to be a 
introduction by Mr. C. R. 





our members, was a most interesting approach to the 


Notes on Sound Reproduction,” 
AMLEE ty Wave 


" perioe pick- 
records, ade the reproduction of 
y restrict —in * 
Tasca 
lecture on Television, to be given 
poned until a later date, 
t involving Mr. Northall. 
ear toseens, in obtaining the services 
Mr. K. Dodds who, at short notice, offered to lecture 








nt we will have had 
} at one of our meet- 
, 1960, to give us a lecture on “ The 
and Their Bearing on the 
‘elephone Communication Systems." We 
appreciate his help and interest in us and also the 
our Liaison Officer (Mr. |. S. Gill) in 
a lecture available to us 
a recent circular issued by the Secretary of the 
Senior Section it was suggested that the publicity of the 
ey wag ge ha Journal could, with advantage, take 
a Junior Section Forum. In the October, 
the Journal, Mr. Harbottle in his article out- 
umor tion's past achievements and future 
It is not much use dwelling in the past 
so then what of the future? How are we going to get 
that desired li interest and make fuli use of the 
opportunities a ble to ws? Plenty will discuss a 
or even an orchestral concert, but not so 
y are to be found to discuss in the right place— 


Prize Day “ 


speaker took up the theme of training on the lines of the 
following :— 


1. Character--Human relations 
2. Skill, resulting in pride of one’s work and loyalty to 
one's employer 
Technology. 
. General education——iearn as much as you can about 
as much as you can 


May it be suggested that we assist in all the four 
points but by informal means. Whilst Mr. Harbottle 
emphasises the ‘Local Centre’ aspect of discussions, and 
we heartily agree, perhaps interest could be created on a 
" Nat " basis. As will have been observed in the 
Journal, we have given information of the activities of 
our Centre. This may have been of some help to less 
flourishing centres. We enjoy and look forward to the 
reading of activities of other centres. The Board of 
Editors of the Journal has promised us space so long as 
a regular supply of material is submitted. Why don’t 
we all take advantage of this opportunity ? We would 
be pleased to correspond direct with other centres on a 
number of suggestions which we have in mind. We all work 
for the same firm and have common interests, so why 
don't we get to know one another a bit more’ Not all of 
us go On training courses. We could discuss each other's 
problems and let each other know the results of our 
deliberations. Great fun as wel! as educational benefit 
is seen in the idea. May we hear from other centres 
either through the medium of the Journal or direct to 


Brown, c/o a Manager's Office (Room 100), 
Road, Middlesbrough 
|.B 


Portsmouth Centre 
The following officers were elected at the Annual 
General Meeting :-— 
Chairman: V. T Vice-Chairman: F. 
Warner; Treasurer: E. D. ; Seeretary: W. 
Porward 


An attractive programme was arranged for the second 
half of the session as foliows: Lecture at St. Mary's 


Modern Industry,” by 
Bacon and a conducted visit to H.P.O. Auto-Exchange 
and Repeater Station. 
The concluding meetings are: 11th April, Films ; and 
26th April, Annual General Meeting. 


Scarborough Centre 

The Annual Dinner Concert was held on Friday, 
9th December, 1949, and a splended evening was enjoyed 
by all present. 

Among the many senior members who attended were 
the Regional Director, Mr. L. G. Semple, and the Tele- 
phone Manager, Mr. H. A. Clibbon, who both made 
short speeches which were humorous, instructive and 


to the success of the evening, including the guests who 
s0 kindly accepted our invitation and helped us in no 
small way to make a success of our “ Annual.” 

On Friday, 27th January, 1950, the first inter-Area 
quiz competition was staged against Bradford. The 
Telephone Manager, Mr. H. A. Clibbon, broadcast to 
Bradford and extended greetings, and amongst other 
interesting remarks touched upon the work that had 
obviously been done beforehand by both Areas in con- 
nection with the evening's entertainment, and said that 
the event could well be described as a “ Joint Production.” 
Mr. H. S. M. Hall, the Telephone . Bradford, 
responded suitably and the quiz was on. 

The competition was eventually won by Bradford, who 
were worthy winners by a small margin. The evening's 
entertainment was finally ended at approximately 
10 p.m. with Bradford extending a return date to 
Scarborough, which was promptly accepted. It was 
pleasing to see so many Senior members present, and in 
conclusion may we ask if there are any other Branches or 
Areas in the Region that would care to accept our 
friendly challenge to a quiz competition? [If so, 
Scarborough is waiting. 


Come on the Junior Section ! A. B.C, 


Tunbridge Wells Centre 

The centre has been revived with the following 
officers 

Chairman A. E 
English; Treasurer 
Messrs. Kingswood, 
Johnson and Edwards 

The programme for the session covered “ Trunk 
Telecommunications in India,” by G. M. Blair; a Visit 
to Fulham Power Station; “ Introduction to Coaxial 
Transmission,” by G. F. Arnold and A. Peters and a 
“ Scientific Quiz.’ The session concluded with a visit 
to Mount Pleasant Sorting Office. 


Hasted, Waddell, 





Staff Changes 


Name Region Name Region 





Aven Engr. to Asst. Staff Engr Prob. Enger. to Engr —continued 

Couch, P.R. .. N.E. Reg to E.-in-C.O Morsteld, B. R. 

Ward, W.C . Mid. Reg. to E.-in-C.O 2 Tattersall, R. L. O. 
Froom, R. P. 
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Area Engr. to Te. Man 
Mayne, E. A 
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Bugr. to Area. Engr. 
: L.T. Reg 


ii 


E.-ia-C.0 ; OF 
Hutchings, W. 5. 
E.-in-C.0 > 
Ee is-CO Plant, F ; > 
E int O Brown, W. D. 
E.-ia-C.0O 
E.-in-C.O 
E..in-C.O0 
Scot 
E..ia-<.O 
E.-in-O 
E.4~n-C.0 
E.4n-C.O 
E.ia<O 
Davidson, ¢ ; E.-in-C.O 
Forster, A. E. T E..in-C.0 
Cobbe, D. W. R E.-in-C.0 


ezry 


of pen 


Pable, F. P- 
Bouquet, H. F 
Lamb, A. H 
Ratt, T. D 
Coulman, A. H 


Tech. OF to Asst, Engr. 
Petechey, KR. F 
Springett, F 

Chariton, R. D 
Thraves, C. M. 
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Name Region Name 


Asst. Staff Engr. Asst. Engr continued 
Edwards, J. J Gerrard, H N.E. Reg. to E.-ia-C.O 
Ener Rdwarda, H. W. F. E.-in-C.O. to Australian 
P.O, 
Hinchcliffe, J. D E.-in-C.O. to Min. of Sims, G. H , E.-in-C.0. to Australian 24.11. 
§ Supply P.O 
gy A. E ps to N.E. Reg Wright, J. E K.-in-C.O, to N.E. . 
b 


3 8 83 


layne, R. 7 in-C.O. to N.E. Reg Butterworth, B. B. E.4n-C.0, to P. & T. 
Lee, A in.O. to Min. af 5 Dept. E. Africa 
Supply (Previously seconded) 
Proh. Engr Knight, E, D .. NE. Reg. to Colonial 
Saunders j < S.W Res. t Nigeria Service 
Seconded (Pre seconded) 
Burley, N ‘ E.-in-C.O. to N.E. Reg y McPherson, J. W. . LT. Reg. w B.4e-C.0. 
Gannon, - . K-tnCO. to NE. ' 
fen. Eng. Norman, J M . E.nC.0, to PR a 
Whitaker, T. H E.-in-C.O. to N.E. Reg 9.12.49 Hope, $ # E.-in-C.0, to N.W. Reg 
Connell, D. R. W. E.-in-C.0, to S.W. Reg 1.1.50 Benford, MH. .. . E.-ta-C.0. to Mid. Reg 
Martin, A. C E.in.O. to Nigeria 21.12.40 
seconded Asst. (Scientific) 
Millson, H. W E.-in-.O. to Australian 18.12.49 Gay, J. A ee . B.deC.O. to Foreign 
Office 
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Retirements 
Name Kegion Date Name Region Date 





Asst. Staff Engr. Ener 
E 


Morrish, H. 


Green, F.C. 


31.12.49 Humphreys, L. W. -» LT. Reg. (Resigned) 31.68.40 
: L.T. Reg. ; . sine 


Smith, J. G ‘ L.T. neg os 31.1.0 
Avea Enge Ferris, j ae .. E.-tn-C.0.(Health grounds) 19.2.50 
Gunston, J. A L.T. Reg 31.12.49 Act. Bugr 


Sends, J.L. .. wo Yew, 
Exec. Engr Andrews, H. H. : E.-in-.0. (Health 4. 
jacquest, A. H E.-in-C.O grounds) 
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Asst. Exper. Of 
Clarke, D. T 


Temp Asst. Exper. Og. 


Gleed, KE. 


Asst, (Sesents fic } 


Harrison (Mrs), M.M. .. 


hp 


ERERREGEEEEEY 


POoSS55 


E.-in-C.O. (Resigned) 
E.-in-C.O. (Resigned) 


B.-in-C.O. (Resigned) 
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Deaths 





Name 





Asst. Engr. continued 


’ 

| Sikes. 1. 

| Seowling, J. W 
Laing, D. 
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408. 





CLERICAL GRADES 
Promotions 





Name 
LO. &HEO 
Ridiand, L. 
Dencan, W. B. 


Date Name 


CO. te B.O 


Lie Gregory, H. I. (Miss) 
1.1.50 








Transfer 





Name 


HEO 


Lootway, I 


Region 


E..in-C.0O. to Min. of 
Fuel and Power 


Date 


3.2.50 





Retirements 





Name 


HE. 
Ost, H. J 


comtimued 
31.12.49 








1.P.O.£.B.—(Continued from page 50) 

Recent additions to the Institution Library include the 

following -— 

1854 Principles of Radar. D. Taylor and C. H. Westeott 
( 1948). 

An exposition and survey of the principles under- 
lying radar design, which indicates the common 
factors which underline the many types of radar 
equipment. 

Technical Optics, Vol. I. L. C. Martin (British 1948) 

This volume deals with general matters, in- 
cluding a short introduction to the theory of 
spectacles, and is designed to awaken a living 
interest in the scientific aspects of the subject 
The Royal Signals Handbook of Line Communication, 
Vol. I. (British 1947) 

A comprehensive textbook dealing with the 
basic 2S for study of line communi- 
cations” including a summary of the mathe- 
matics necessary for this. Reviewed in P.O.E.4./,, 
Vol, 41, p. 233 
Refrigeration and Air Conditioning Guide. EB. P 
Anderson (American 1948) 

Prepared as a helpful service guide providing 
useful information covering all phases of modern 
mechanical refrigeration and air conditioning 


cy ib agg ggg Practice. W. T. 
Perkins (British 1048). 

Covers the syllabus of the City and Guilds of 
London Institute examination Reviewed in 
PO.£E.E.J., Vol. 41, p. 227 
Mechanics and Applied Heat. S. H. Moorfield 
and H. H. Winstanley (British 1948) 

This book's object is to present in one volume 
a course in engineering science which wil! prepare 
a student for entry upon the final year of the 
Ordinary National Certificate Course 
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COL WINDERS 


The large ilustration depicts the 
improved “Douglas” Pully Automatic 
Multi-Winder, specially developed for 


the high-speed production of large quan- 
tities of coils with or without paper inter- 


leaving. 1 will produce round, square 


WINDER HOUSE+ DOUGLAS STREET - LONDON: S.W.1 








There’s more 
in resistance work 


than meets the eye! 


Many have remarked on the fine appearance of 
Muirhead Decade Resistance Boxes — but we 
are even more concerned with what we put inside them. 
Take, for instance, the A-2¢ series; all resistors are wound on 


cards by methods that ensure very low time — constants, 


The internally mounted switches are protected from con- 


tamination and have low and constant contact resistance. 


Descriptive literature will be sent om request. 


Tel. Beckenham 0041-2 
INSTRUMENTS 
“x 7D 


Muirhead & Co. Limited, Elmers End, Beckenham, Kent 
FOR OVER © YEARS DESIGNERS & MAKERS OF PRECISION 














Trrioal Kamla 
.T.A. DESIGN 


machines te sult full «ize and half sine 

and outdeer application, are recent 

H.T.A. Products. These alse include 

v Machines, Ticket Printing and leuing Machines, ete. ete. 


STAMP BOOKLET VENDING MACHINE. 

The model Mhustrated t susiabie for beth ledeer end Ouideer ase A smalher 
machine is availabic for Ido we i ithe for Beoketalls amd for Heteds 
te give this servier to customers Both mahemes oan be coppleed fer either base 
oc wall Guing. The capacsty » 120 bevkiots | mim thick ramging im steee from 
35 em. st 6 mm. tw 8 mm. 1 TC mm. 

Requires showkd wmecteds oer oc spice of booklcts tm ame amd the cotm 
required to opersic the morteio 


HALL TELEPHONE ACCESSORIES LTD 


Frecision ng émeeré Instrument ctakerse—2 
DUDODEN weet COCR TR re fo 
; ta sar 

















WESTINGHOUSE 
RECTIFIERS 
withstand the test of time 


WESTINGHOUSE BRAKE & SIGNAL CO. LTD. 
@ York Way, King’s Cross, London, N_! 
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Aton Batterses of 10 to 15,000 ampere- 
hours are in service in sixty-five countries. 
The batteries now being shipped out all 
over the world will carry the name @ 


Alton still further afield—Alton, shortest 


| word in any language for good batteries 
and firm delivery dates. 


Alton can also supply renewal plates fer all 
BATTERIES OF MERIT wake: of battery, British and Continental. 


THE ALTON BATTERY COMPANY LIMITED, Atcon Mameetive Telephone Alton 1287 end 1268 - Telegrams: Gectery, Also 











PUSH BUTTON 


ATTENUATOR 


True V.H.F loss measurement at last! 


An outstanding development which in the first 
year of production has fully established itself with 
leading British communication organisations and 
remains the first and only accurate instrument of 
its kind. 


Two models available 


Type 74600-A : 0-9 dbin idb steps 
Type 74600-B : 0-90 db in 10 db steps 


Both have a 75-ohm characteristic impedance 
and will handle inputs up to 0.25 watts 


50 Mc/s Performance * 


mooe. | VARIATION BETWEEN ACCURACY OF 
50 Mc/s and D.C D.C. ADJUSTMENT 








0- 9db |<. 0.01 db per step + 0.05 db at all settings 














<i G1 db per step 0.03 db per step 





* insertion loss relotive to zero setting 


Ready fer building inte your own equipment 
Calibration charts for frequencies up to 100 Mc/s for 
the 0-9 db model or 60 Mc/s for the 0-90 db model 


can be supplied on request. 
Srandard Telephones and Cables Limited 


Registered Office = Commowght Howse Algwrih onden WO I 
TRANSMISSION DIVISION, NORTH WOOLWICH, LONDON, £.l6 
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TUNGSTEN - CHROME 











VALUABLE FREE BOOK 


Tells You How to Pass Your C46. or 























Aw TELEPHONE EXCHANGES 


NO .16 SYSTEM 


Automeuc maces Preston bachonge, sors 
Brighton (1927) with Covers removed (1950) 


i oe 


As in 1927, reliability 
is still a primary aim, 
and achievement, of our 


switching systems 


SIEMENS BROTHERS & CO.LIMITED 
WOOLWICH - LONDON «+ S E€.18 





CARPENTER Polarized RELAY 


“¢ 


Dirrenssoms of the Type 4 Carpenter Relay ere':— (With cover. Excheding wiring tog: 
a DA be high < Bh ee ote al meee Weight: 13 om. , 
a9 bP Compicve devaits cvetiable on requatle Manahoctured by the Sole | teemcoes — 


TELEPHONE MANUFACTURING CO. LTD. 


ere the Rete Commaneresth and berogs Covernmants 
HOLLINGSWORTH WORKS OULWICH LONDON, 56.2.2! 
Tetephene: GiPep Hi 3311 (00 Hees) 








HIGH GRADE 


DECADE ATTENUATORS Testing and Measuring Apparatus 


01% GRADZ 
2 for Communication Engineering 
T or H NETWORKS 


RANGE 0-1 to 110 db TEMP. COEFF 
00! to 10 nepers 00025% C 


NO ERRORS UP TO FREQUENCIES OF 
100 Kefs AND EXTREMELY USEFUL FOR 
PREQUENCHES UP TO 05 OR | Mew 


ASSEMBLED INTO A DECADE SERIES 
CR AS PANEL MOULDED UNITS 


ALSO SUPPLIED IN PORTABLE 





H. W. SULLIVAN 





— ATED A SERIES OF METAL CASED HIGH FREQUENCY 
LONDON.S.E.I5 UNITS ARRANGED ®t OBGRERS OP ATTENUATION 
Telephone : New Cross 3255 (PB) ‘ SWITCHES HAVING FINELY LAMINATED BRUSHES 
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hd FY HE pattern of world telecommunications is varied and complex. Varied because every problem 
requires an individual approach, involves a new assessment of available knowledge and a fresh con- 
= sideration of existing methods of solution; complex because of all branches of engincering it is by far 
the most abstruse, involving in its approach to world communication problems the profoundest researches into physics 
and the development of special higher mathematica! formula. This is the scientific background of the vast A.T.M. organi- 
sation which has at its disposal the specialised knowledge of over SO years’ experience in the telecommunication art and 

which has been responsible for many of the major inventions and discoveries in the subject during this period. 
The scope of telecommunications is so vast that it requires the Company to employ the services of a 





" 





large number of specialists in many subjects including acoustics, thermionics, electronics, piezo-electric 
and photo-electric phenomena, transmission theory, power engineering and measurement; it follows 
that such a body of collective knowledge is instantly available to deal with any problem for which 


the application of one or more of these techniques can provide a solution. 


The scientific background of the e 
Company is allied to an efficient organisation 


TELEPHONE EXCHANGES FOR eh 
NETWORKS OF ANY SEZF ge . - 
Durector gyros ag for metropolitan and large < ae 
provincial Non-director main and . : 
satellite cudheages : " 
Automatic and automanua! trunk cxchanges 
Manual exchanges 
Private automatic exchanges (P.A_X.) 
Private automatic and manual branch exchanges 
(P.A.B.X. and P.M.B.X.) 
Calling line identification equipment 
Press Button telephone systems from 5 to 15 
lines with or without loudspeaker master a 


TRANSMISSION EQUIPMENT aii by. 
Single, three, twelve and twenty-four-channel ; ' 
carrier telephone systems for overhead lines or —_— s 
cntugnend cables. Six, twelve, cighteen and . oo 
twenty-four-channel carrier telegraph sysiems = ?. ‘ +-4—. 
Loading coils a a | 
Quartz crystals ; os * oi : je 
Carrier and audio repeaters i - 
Transmission testing apparatus 


SIGNALLING BOUIPMENT 
V.F. Systems of signalling aad dialling using 

C.C.LP. codes - 
500/20 c/s signalling equipment ; ee i 
Long-distance D.C. impuising systems ‘a , ene 
50 c/s dialling equipment ‘. 


REMOTE CONTROL SYSTEMS 


Systems of remote control with indication and " 
telemetering equipment for the following ae tie 
services : . 

Electricity distribution networks ' 

Electric railways; tram and trolleybus transport 
undertakings 


Gas distribution networks 
Water distribution networks f 
Oil distribution networks r 3 

> ne ripple control systems for street - 


selective load control and other 
ae 


LIGHT CURRENT SIGNALLING SYSTEMS 


Mine telephones and signalling equipment 

“ Electro-matic™ vehicle-actuated traffic signats for 
simple and complex intersections. Interlinked 
systems 


ELECTRONIC DEVICES 





AUTOMATIC TELEPHONE & ELECTRIC CO. LTD. ae 


Office and Works: STROWGER WORKS, LIVERPOOL 7, England 
Export Department: STROWGER HOUSE, tena in o STREET, LONDON, W.C.2 


Dan pare of the wortd) /) ag = 


Creed 


TELEPRINTERS 
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Creed & Company Limited 


























TELEGRAPH 
CROYDON, ENGLAND 








Srandard 
COMMUNICATION 
& CONTROL SYSTEMS 





* Signalling (Office and Factory) 
* Power Cable 
© Communication Cable 


Standard Telephones and Cables Limited 


COMMUNICATION ENGINEERS 
CONNAUGET HOUSE, ALDWYCH, LOwnoonw, W.Cc.2 
Overseas Branch Offices: Cairo Calcutta Dublin + Johannesburg - Karachi « Salisbury 





SRICESON TELEPHONES LTO heed OMe 


.. and we 
repeal... 


ERICSSON AUTOMATIC DIALS 

are British Post Office Mandard. | niform puleng 

tmpulsing contacts, gold, silver, platinum  Yorma! 

futch, black with Mack figures on white ground. 

Nermal impulse ratios — 33°, make, 66°, Mirek. 

Can be supplied with neat duct cover with «ainles 

steel Ginger plate and with sockets suitable for mounting 

in either the horizontal or vertice! plane. Instruction labels 
and number plates can be arranged (0 suit customers pequlrements. 


AUTOMATIC DIAL SWITCHES 


2 UNCOUN'S INN FIELDS, LONDON, WC? Tet: “Ol he 
Werte: GEESTON, NOTTS 






































pOWER BEHIND rp 
HE LINES 


TUNGSTONE PLANTE CELLS are being supplied to the British Post Office 
and Fost and Telegraph Departments in many countries overseas. They 
conform fully to G.P.0. and British Standard specifications. 


OPEN TYPE CELLS ENCLOSED TYPE CELLS 

Similar to the illustration above, these are As illustrated on the right, these are in 

available in gless and/or lead lined wooden moulded glass boxers with sealeddn lids. 

boxes in capacitics from 100ah. to 500ab Capacity range from Wah to 200 ab. 
HIGH VOLTAGE TELEPHONE BATTERIES 


Portable Type. Standard layout for 50 volte, 
in waxed hard wood crates, exactly to the 
requirements of the G.P.O. 


Overseas customers are invited to cable or write their enquiries 
for batteries or parts. Visitors to Londen are welcome at 


our offices. 


TUN GSTON E Batteries 


For further perticulors write: TUNGSTONE PRODUCTS LIMITED 
$@ SALGBURY SQUARE LONDON ce ENGLAND. Cotte: “Oteeum” Londen 





of any existing Planté 

















How to keep the Night Watchman Awake! 


Eversheds are sometimes called upon to 
supply recorders for strange purposes. Once a 
firm even purchased an Evershed Recorder to 
keep the night watchman ewake ! This particu- 
lar individual had important duties to perform 
in processes left unattended during silent 
hours, and the recorder chart gave the manage- 
ment a precise picture of exactly how well the 
job was being done. As in many other indus- 
tries @ permanent record was wanted of in- 
— normally available for a fleeting 


ke concerns, public undertakings, 
development and research scientists 
alike pay tribute to the reliability of Evershed 
recorders, which can be used without super- 
vision in unattended stations. Abnormal! de- 
mands, unexpected fluctuations and excessive 
loads can all be studied, and suitable pre- 
cautionary measures taken to prevent over- 

ing and reduce unnecessary expenditure. 
In fact Evershed recorders give a visual picture 
of exactly what took place, and when it 
occurred. 





EVERSHED TEST THE WIRE! 


Infinite care is taken with every detail in the 
manufacture of Evershed instruments. 

Before wire is used, for example, it has to 
pass through a special ‘wire-tester’ designed in 
the Evershed laboratories. 

Only then is it handed on to the production 


department. 
U.S. ADVISED ‘USE MEGGER TESTERS’ 


The American Associated Factory Mutual Fire 
insurance Companies advocate annual check 
of earth resistances and say “‘the “Megger’ 
Earth Tester is easiest, quickest and most 
accurate method of doing this”. 





EVERSHED 

PROCESS CONTROLLERS 
INDICATORS AND RECORDERS 
REMOTE CONTROLLERS 
MEGGER TESTERS 











Evershed Recorder Panel for distant indication and recording of elec- 
trical loads in a modern film studio. 


Here are a few of the many purposes for which Evershed 
recorders are now being used:— 
A cigarette manufacturer uses them to check the weight of 
packets as they come off production lines. 
New Zealand ratlways a permanent record of shunting 
operations and thus study the most efficient methods. 
The Post Office Engineering Department records the volume of 


telephone traffic. 
The British Electricity Authority has Evershed recorders in 


power stations to record the outputs of generators, consumer 
demands, purity of boiler feed water and all kinds of valuable 
data. Portable models are used to obtain information on net- 
work conditions. 

Water and sewage undertakings keep accurate records of the 
number of pumps in operation at any time. 

Manufacturing concerns purchasing electrical power have 
installed Evershed maximum demand recorders for restricting 
peak loads and avoiding special tariff charges. 
Railways and tramways carry out traction tests with Evershed 
recorders. 

And these are only a few applications. If you would like to 


know more about Evershed recorders, write today for 


EVERSHED AND VIGNOLES 
LIMITED 


ACTON LANE WORKS - CHISWICK « LONDON - W4 


Telephone; Chiswick 3670. Telegrams: Megger, Chish, London 
Cables: Megger, London 


X a2 


$138 





TRangé CLIP-ON 
AMMETER 


Fully insulated 
y “ - within 
RANGES § 
10 Amps : 
35 9 
so 
100.—C* 
130." 
'~ $0673 
1000 "| 
FERRANTI LTD., HOLLINWOOD, LANCS. 


UNIVERSALLY ADOPTED 


G.N.T.Co. TRANSMITTER 
MODEL 112 


13-250 words per minute without gear changes 
or readjustments. 
Absolutely constant speed at all settings not- 
withstanding large voltage variations. 


Noted for its easy maintenance. 
Supplied with A.C, or D.C. motors as required. 


THE GREAT NORTHERN TELEGRAPH CO. LTD. 
OF DENMARK 
KONGENS NYTORV 28 


pees 5, ST. HELEN'S PLACE, 
COPENHAGEN K. - DENMARK LONDON, E.C.3 


























ERNEST TURNER ELECTRICAL INSTRUMENTS LTD. 


CHILTERN WORKS, TOTTERIDGE AVENUE, HIGH WYCOMBE, BUCKS. 


Telephone : High Wycombe {301 /2 


Ny 


AL 


Telegroms ; Gorgeous, High Wycombe 











The Mark II series of 
SAVAGE AMPLIFIERS 





the absence of a projecting front foot. and the 

of all panel fixing bolts. Similar racks 

apparatus can be placed side by side with amplifiers 
that the whole installation is uniform in 


Complete specificotvons evoledle on request. 


W. BRYAN SAVAGE LIMITED 


WESTMORELAND ROAD - LONDON N.W.9 - TELEPHONE: COLINDALE 7131 


















































CITY AMD GUILDS OF LONDON INSTITUTE EXAMINATIONS, 1940 





QUESTIONS AND ANSWE-*t 





The following answers generally give more detail than would be expected in the time availabie 
ander examination conditions but, te conserve paper, arithmetica! working has been abbreviated. 


LINE PLANT PRACTICE HU, 


Q. 1. Explain how an earth fault on a D.C. electric su cable can 


camse electrolyte: damage to the sheath of an underground cable 
om earthenware duct What ave the usual indications that vuch damage 
is ccourring or has occurved ? 

What do you whderstand by the expression a “ steep potential 
gradiont ” im the grownd ? 


A. 1. Most D.C. electric supply systems have a connection with 
earth at @ point on the system and therefore an earth fault at any 
other point may result in the flow of current through the earth. [f 

an underground cable or pipe, ¢.g., a cable, runs in such 
oe way that its sheath offers to the earth fault current a conducting 
path comparable with that of the earth itself, some of the 


proportion 
earth fault current may flow on the pipe or cable sheath. Electrolysis 
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of the pipe or cable sheath will take 7 where the current leaves 
the cable sheath for earth. The sheath will be corroded away at this 
mt more or less rapidly according to the value of the current 
ng to earth and its distribution 
If the supply system is not earthed then the occurrence of two or 
more simultaneous earth faults may cause earth current to flow 
tw ——— may result in damage to a nearby telephone cable sheath. 
ches illustrate some of the conditions which might arise 
he usual indications that damage to an underground telephone 
cable due to a D.C. leakage is occurring, or has occurred, are 
(a) A telephone cable is faulty due to low insulation 
(6) Workmen excavating the ground near to the fault receive 
electric shocks from their digging tools 
(¢} The ground in the vicinity of the fault is found to be hot 
or steaming during excavation or, beiore disturbance, it is 
noticed that there is a dry patch in an otherwise wet 
surface 
A fairly steady P.D. of roughly | volt or more is measured 
between the underground cable sheath and earth in the 
vicinity of the fault 
There may be a flow of current in telephone cable sheaths, 
towards the fault (in the case of a fault on a negative main) 
possibly from several directions and on all cables passing 
the fault 
) The sheathing of the cable is found to be severely corroded 
and there is a concentration of white and brown corrosion 
products at the actual perforation 
A steep potential gradient exists in the ground close to any 
structure im the earth which is passing current from or to earth, 
©g., an earth electrode system or a faulty underground power 
cable. The potential gradient arises from the flow of current through 
the resistance of the earth. The steepest potential gradient occurs 
close to the earth structure, where the current density is the greatest, 


Q. 2. The weight of a 12-stone man is concentrated on an oak arm 
at @ point 3 ft. from the centre of the pole. The arm is 24 im. square. 
Ignoring all ‘he drillings on the arms calculate the factor of safety if the 
failing stress ¢ oak is 6,000 Ib.jeq, in 

~ Ii2x 4x3 12 in. I, 
~ 6,030 in. Ib 


xX 3 


Appled bending moment, M 


(2 Sora 
o-——--- BT —— 
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Modulus of section of the arm, 
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+ 3.320 Wo. jaq. in 
The tacton of eatety = 99" — 2.6 


* ond disadvantages of steel and of 


Q. & What ave the 
a for the timber poles generally 


cml ae igeatien? 
Devtesheombamiondt Of esther 4 steel pole on a reunforced 
comenete pole to meet the waymal requirement: 6/ lime com strection 


A & Compams ith weed poles these made of ster have the 


“a “sce he 
im quality and strength which enables a lower 
of strength over the working load value to be 


(2) Are restetant to ineect attack. 
(3) Usually lighter in weight resulting in savings in transport 
and 


(4) Design can be regulated to provide for any special strength 


requirements 
(4) Several home sources of supply available 
The dinuwlventages are 
(1) Mowe expensive. 
{3} —_ rapkity unless a good rust-proof finish is provided 
and ma:ntained 


(3) panto ipa Aor nti or ex ive drilling required, 
attachments. Generally only Attings provided 
oe mm the and fabrication stage can be used 
4) Conectete bases or base plates are often necessary to secure 
rigkhty 
(5) Greater risk of shock to linemen 
The actvamtages of the concrete pole are 
1) Shape and strength can be varred 
(2) Seweral home sources of supply availalile 
(3) Needs ne protective treatment 
The diawivantages are - 
(1) More expensive 
2) Heavier, og, a 26-ft. Light wood pole weighs approximately 
2 ew the equivalent concrete pole 6-10 cwt. Thus 
costs of tramaport and handling are im reased 
3) Much more prone to fractare by shock. e.g. resulting from 
collsesons 
4) Special and claborate 
attachments 
(5) Careful control ie needed daring al! stages of manu 
(6) Slow rate of production 
One type of steel pole in general wee consists of x 
sections. Hach section is made from sheet steel and is shaped to 
provide a circelar, oval or hexagonal cross-section with a slight taper 
along ite length, The length of each section may vary from 6 to 8 ft 
amd the cross-sectional dimensions are arranged to allow for the 
epper sections to fit over the lower ones, with an overlap of from 
8 t 161m. aecording to the size of the pok 
A lapped seam, either riveted of welded, runs « 
each section 
Tebes can be welded into the top section dunng manufacture to 
aceommedate the bolts weed for attaching arms and other Ottiags 
“Spectal type auts can also be provicied to enable steps and ring type 
pute heads te be Gtted. Rach section is galvanised inside and out 
after fabrication has been completed 
The poles are tramsported with the upper sectio ule the 
lower Ones, thas forming a neat of the same length as nex th 
he seotions are assembled on the site of the work 
A cap ts provided for the top of the pole to keep out ram 
improwe the appearance of the erected pole Bushed holes can also 
be prowkded for taking a cable from the bottom; of the pole to the 
top. the eable being accommodated imside the pole Special spring 
eoate ate also availaide to enable standard crowsarms to be fitted 
to the pole 
Reintoroed comerete poles are made in various designs and may 
« solid of hollow, The solid type are. generally, of rectangular 
section with greater strength across one axw than the other The 
hallow type is of cireular section, having uniform strength 
io all coreetions at angles to the vertical axis of the pole and is 
therefore, more suitable for purposes 
The hollow are made in & citcular steel m 
suspended with the top end slightly maieed so that the pole is almost 
horizontal. The reinforcement is made up in the form of a cage 


Gittings required for naking 


facture 


vetal separ ate 


mag the length of 
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4 Assuming that an py ay eA 
provided ‘fav wey manhole: and that 
because of the rich of gas pny & 
of the desirable features of all 
need for cable jountimg operations, bearing 
1" mend 


ns 
7 
nn 


A. 4 To ensure safety from electric shock 
im the manhole should be at low ing: a 
R.M.S. te earth All permanent f 
socket outlets, must be waterproof 
metalwork must be protected inet nent 
should be fixed as high as in the 
controlling the supply should be be fitted near 
The following electric appliances othe 
younting 
(1) Water pump 
(2) Gas detector 
(3) Ventilating fan 
(4) Lighting 
(5) Solider pot 
(6} Soldering tron 
(7) Cable dryer 
(1) The water pump would consist of a centrifugal pump driven 
by an electric motor aad could be of the submersible 
type 
type would be required 
the electric supply should be wv 
and gripped at the pump end 
capacity and sufficient head, delivery or suction 
type selected. to keep an average-sized manhole 
water during working operations. A larger anit driven from 4 
separate source of power might be 
a large volume of water. The electric 
inflows and creepage should be ¢ 
over long periods and would be quieter than a petrol engine driven 
pemp 
(2) A ges detector would be required Coane a oe eae 
in the manhole is safe to work in and remains safe 
work, An electrically operated detector could be for oe 
purpose and should be sensitive to potsonouws concentrations of coal 
gas (about 0-5 per cent ) and explosive concentrations (up to 30 
cent. in air). It should also be capable of other inflam 
gases Occurring in underground plant, e.g.. 4 
and should preferably be sensitive to 
detector should be light aed compact and the part taken into the 
manhole should be flameproof. Sensitive elements used in the 
detector should have long hfe and should be readily replaceable 
The detector showld be suitable for continuous operation and 
means should be provided for checking its activity on site. 
3) An clectrse wontilating fan would be needed for driving fresh 
air into the manhole when the atmosphere becomes The 
fan should « 


outpat from the fan should be sufficient to replace the air in an 
average sized manhole at least three times hour. In very cold 
weather the air could be heated by a heating element 
fitted in the cutput from the fan 

(4) Leghng As naked flames cannot be taken into the manhole, 
lighting by oibtburting or acetylene : 
electric hghting could be provided 
lighting 1s desirable t 
portable reflector unit 
Gittings such as cable 
directed as required The voltage su 
be steady to prevent flickering 
required intensity of hght and prevent 
lamps used showkl be robust, as employed for traction purposes, 
and should be protected against breakage in ase. In large manholes 
permanent lighting fittings could be fitted to provide general 


i 
i 
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LINE PLANT PRACTICE Ul, 1949 (continued) 


ighting, amd for this purpose fittings shvuld be protected against 


corrosion and should tx watertight 
(3) Selder pot. Where flames cannot be weed 
of shouki be employed and an electmoally-heated 
provided. If the pot the manhole the 
@ement should be Gameproof. The pot should have a 
of 15%. of solder and should be capable of 
that weight im @ reasonable time, say about 30 minutes 
time of heating is not important since other operations 
whilst the metal i heating. Thermostatic control 
Gey ae t prevent overheating of the solder while 
keeping the & miperature high enough for pourng 
(@) Soldering iron. This tool would bx 
twisted jotets 2 the heavier conductor and 
construction and hay : power 
mot less than 120 watts Therm ontrol 
prevent overheating while iile 
(7) Cable dryer, Vor drying thx 
electric hot-air dryer coukd be used dryer could be of the 
portable type similar to « hair drver and should be light and 
compact and convenient to hold for several minutes while the hot 
air stream is directed on to the wires. Such a drier would not be 
of suitable design for the continuous operation essential for use in 
drying oxt wet cable joints or lengths. For this purpose a much 
heavier and more robust desiga would | me powertul 
enough to give the same volume of dry air as an air desicr ator 
A portable hot air drver might also | ietul for softening plastics 
im jointing operations on plast: ate abe oductor and 
plastic sheathed cables 
For supplying these devices wiring ¢ rry about I ¢ 
would y tre required 


the pot and ladle 


is heated m 


needed for saiderrmng the 
should be of robust 
comsumption of 
is desiraliie to 


estat 


abst re before plumbing. an 


rMecessary 
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QO. 5. What special steps might ha 
telephone sevewe to a large high-wollage substat i why 
factors must be known in onder to decide al fre 
are necessary ? 


A. & The danger which might high-voltage 
substation is the rise in potenti! and all metal 
work connected thereto. The rise in potential may be caused by 
the flow of earth fault current throug resistance of the earth 
system, ¢.g., if the earth resistance is 0-5 ohm and the earth fault 
current is 2,000 amps. then the rise potential of the earth system 
will be 1,000 volts. This rise is relative to normal carth potential 
at a distance from the station 

Most t circuits are earthed at some point or 
from the substation. Should, therefore, the sheath of 
cable in the substation be connected & 
to it unprotected aad should it rise in potential, then « potential 
difference will be sect up between the nductots and the sheath 
This may be high enough to break down the cable insulation and so 
damage the cable and any apparatu . ted theretu and cause 
danger to personne! 

The al step. therefore, which have t taken are tc provide 
an imegiating covering over the sheat! 7 all telephone cables 
internal and external, within the station The insulating 
covering is useally tough rubber and it s apable of with 
standing 14,000 volts (RMS) A& mentanily and 5,000 volts 
A.C. for two minutes Within the substation means within 
20 ft. of any part of the earth syster ociuding all metalwork 
connected thereto and also within 20 ft. of the power cables leading 
in to the substation for a distance of 100 y% 

Any earth connection for the telephon 

(a) where the telephone lead-in is underground. a 
from the exchange -to the sheat { the lead-in 

(6) where the telephone lead-ix neans of an 
overhead wire to an cart ; f Mate sunk at a point 
outmde the substation 

(e) where the telephone iead-i inderground 
an overhead route by means of the ble sheath 
to am earth spike of 
substation 

In (a), (6) oF 


the: distant 
s tek phone 


the earth system or pass close 


hould te 


ould be made 


the way 
cable 


able from 
onnectex| 
plate nm at a point teide the 
ie substatior has the same 
meaning a6 above, ic. mor wtalwork 

The factors required to be known cder to decide if precautions 
are necessary are the resistance to cart trode system and 
the maximem earth faclt current hict | flow under faalt 
conditions. 


{c) above ute 


than 20 1 rom carthed 


OC. 6 A private park in 4 buill-ap ph tose as @ busiding 

estate, The layout is t include separate for 2, 4 ond 
— Gijces ts ieematdhat qnians Be 

be adopted im the various parts of the 


which should be adopted in 
most cconomical one, taking into account 


Pe een 0 Se een eee ee 
bution for the three areas scheduled are : — 


(a) The tabaghene genstention par house 
(0) Whether ducts can be laid in advance of reinstatement of 
footways. 


() Whether houses will be erected on each side of the road 

(4) The distance of cach house from the footway 

(e) The height of the house (if a Bungalow, it t act gene ally 
possible to serve across the road by overhead wires without 
the necessity of a pole on the subscriber's property) 

UV) Se pee ae trees which prevents satisfactory main- 
tenance of overhead wirns 


(g) The amenities of the district and the aatere of wayleaves 
granted by the local authority 


Houses on AF pow plots can be expected to show 4 telephone 
penetration of almost 100 per cent,, but may have frontages of 
about 100 ft. or more and may be set beck from the footway perhaps 
SO ft. Despite the ration the cost of service by under- 
ground means would igher than by overhead wires in view of 
the long lengths of underground coanections involved. (Overhead 
D Ps with bare wire services with perhaps an corasional subsidiary 
pole could be expected to be the most economical method, using 
SS Se ee ee 

Houses on j-acre plots would show a telephone penetration of 

about 80 cent, to 90 per cent. and the frontages and distance 

from the to footway be moderate. It is probable 
that u overhead service would be nearly equal in 
by still slightly cheaper. Overhead ring- 
type D.P.s sp tely 100-yd. intervals would thus 
be the chosen method. 

Houses on j-acre plots could be expected to have a telephone 
penetration about 60 per cent., bat it is still probable that 
service as for houses on j-acre would be adopted. The shorter 
frontages would offset the slightly lower penetration and the cost 
of service per telephone would not be appreciably different from 
the previous category 





Q. 7. A cable pair hast a ¢ of O-OBS microfarads per mile 
ane is loaded with 120 willtheanies per 2,000 yds. The input 
od over a vange of frequencies gives sucocesive 
masima a 1,015 end 1.500 cycles per weond. Assuming the 
phase sf & pw leating coil section al frequency f is given by 


el a t~2(2)), calenlate the distance to the fault 





A. 7. Thecut-off frequency, /, 


i 
VLC 
where L and C are values per loading coil section. 
! 
le . to 
wa 120( 0-008 x 
~= 3,380 c/s. 
Sy 9-008 
Je 
and cos a, ~ | — 01802 
Ly a @-4438 
le 
and cos a, ~ 1 — 03034 


seals ’ 
1,760 


Now at /, 1,015 c/s, 


and at f, =~ 1500 cfs 


‘, iy = OR 407 





LINE PLANT PRACTICE Uh, 1949 (continued) 


the pase differeice between reflected signa!» 
~ Sia, — @,) per L.C. section 
“3x iT a 
~ 38° 20 per LC. section 
iat om the cable the measured phase difference between raccemive 
upedance maxima is 360° 
Instance of taalt - ries tee mites 


oe b3-646 miles 
Te 


Calewlate the tension to which « copper wire weighing 078 lb 
oress-sechonal areca 00RD in. should be drawn 
ft. in Gh aw at WP 0 thal whem the total lead 

wore is 0-3 1b. per foot rum dus to the comboemed effect of its weight 
, with the temperature unchanged, the 
Toke Eas 18 1 41m. wets 


wi" 
aT 
Fl 
ar 

the length of a sagging wire 
+5) 
Kapressing equation (3) using (1) 


he length of wire is I 


to*l* 
"ar 
wl? 
uy 


T, represent the loading and tension under stil ar 
change in length 


~Le 


if wm, 
oactitioms aid m,, 7, under storm conditions, the 
( the wire ts 
w,*L.* w"L? 
a7, 247,° 
hich must equal the elastic stretch 


T 
From eqppation (2) this equals ifs 


Eal*{ /w,\" w,\" 
-™ mT) {(#) (?) 
loserting values b 18 x 10 Ibjeqg in 
a ~ 0-020 aq, in 
w, ~~ O-O78 Ib. /ft 
wy O30 Ib /ft 
Ll 300 ft and T, ~ 600 Ib 
18. le. @opo. 8. ie f a) (° a) 
a“ i \600 
ie TAT, ~ 263) =~ &21 x 
Ty slide rule of by trial and error 
T, 336 Ib 
———— 
The wire should be strung to 336 Ib. in till ay 
tension of 600 Ib. under full load conditions 


Ty 
ka 
| 


rT; 


ior a asimom 


" resistance {/ 


able 46 


v 0. Whew weted from the text deck the iniulat 
« small wumber of subscribers’ lines routed wa the same main 
fowmd to be of the order of 5.000 ohms 

What practical indications are commonly employed to determine 
approsimately the locality of the fault and what steps should then be 
taken to locales ut ? 

On the aseumption that the fanll appears to be om a cable length and 
not at a scint how would you clear ul as quickly as Possible Y ow need 
not give details of any localisation tests to be made but should 


mame the appropriate types of test fo apply 


mevedly 


A ® The nermal minimum insulation resistance, measured A 


to B earthed and vice versa, to which a line (connected to the 
subscriber's apparatus) in a subscriber's network may fall is 
250,000 ohms , exceptionally a figure of 50,000 ohms is permitted 
if the lime contains in its make-up a long length of overhead wires 
and the test is made under adverse weather conditions Thus it 
follows that the — of 5,000 chins, peculiar to a small group of 
lines, indicates a low insulation fault. such as would result from 
the ingress of moisture at a point where 4 calle sheath is defective 
As all the affected lines have the same order of insulation it is 
probable that moisture has gained access to a cable and affected 
all pairs to approximately the same degree. 5.000 ohms is a fairly 


4 


i 
i 


j 
4 
itt 


if 
t 
7 


E 


aH! 
i 
H 
i 


i 
if 


k 
H 
li 


subscriber's circuts 
© to these cards will 
informat given, that the ines are in the 
which D.Ps the faulty circuits are routed. 
to the same DP. it is fairly certain 
cable serving this DP. is the seat of the 
circuits routed via two or more D Ps are affected, it 
the fault must be farther back towards the 
the exchange side of the fault will be affected, 
subscribers’ side will and from the knowledge as 
are affected and which are not, it will 


EF 
EF 
: 


pick out the faulty cabie 
of the exchange area's “ danger spots 

other causes is a valuable asset in determining 

of « fault 

Onee the locality of the cable affected has been deduced con- 
firmatory insulation tests should be made between i 
opening up joints as necessary, to make sure that 
in fact lie in the section of cable suspected. The act 
within the cable should be determined, if the 
sufficiently long to make this necessary, by means 
Murray Loup test 
all pairs are affected to approximately the same ex 
necessary to provide a “ good “ wire by some means, ¢ 
out an tnsulated wire overground over the 
cable section. Other tests are available for 
wires are affected, e.g., the Graf test and the 
general these tests are less precise than the V 
test made with a “good” and “ bad” 
disturbance to a cable track, caused 
works, often assists in placing the exact posi! 

Once the precise location of the fault has been determined, if a 
replacing cable of suitable size and type is available and there is duct 
space to accommodate it, it should be drawn in immediately and 
t faulty circuits identified and changed over wire-by-wire to 
the replacing cable. [If no suitable cable is available for the 
permanent repair, or if no free duct space is available to take this 
cable, it is sound practice if many or important lines are affected 
to provide a ternporary interruption cable, if necessary, 
to restore ser: .ce and then to withdraw the faulty cable and 
it by a permanent cable when the stress of breakdown conditions 
has been removed 

In a minonty of cases the condition of the footway or carriageway 
indicates the position and cause of the fault and if, for example, 
a Variey test made indicates the fault to be near to an opening 
recently made for the provision of 4 gas, water or other service it 
would be wise to open up the ground at this point with the ob 
of effecting a repair in situ, Le., without mg the com 
cable length. In such an event it would be wise to make sure that 
the duct is not itself damaged. Electrotysis faults are of frequent 
occurrence and sach faults often affect a cable over a considerable 
length and cannot be reliably repaired by patching the sheath at 
one or two points with the affected length still in situ. 


Qo icommeng that a trench for a vequired line of duct cannot 
he located im the footway and so must be oul im the carriageway, state 
what factors govern the selection of depth and postion 

the advantages and disadvantages of using alternative 
carriageway postions What precautionary ov remedial measures, if 
any, waght be taken (a) om the road, (b) om the duct track, ic) om the 
cables, to cwercome the disadvantages of each of the positions named ? 


Thseuss 


A. 10. The main factors are that the trench should follow the 
most economical route and be agreed in depth, course and position 
with the highway authority. If in conflict, the best compromise 
between these factors must be chosen. The most economical route 
must pay regard to the possibilities of cable creepage, obstructions, 
possible dangers to staff and plant in construction and maintenance, 
and to road reinstatement costs. Deviations in a vertical or hori- 





ee to cause difficulty in redding or cabling must be 
a 
A route in the centre of a road readers the track least lable to 
produce cable creepage or the road to suffer structurally from the 
of trenching On « road of sufficient width, permitting 
two lanes of traffic with a margin or three or more lanes, the work of 
construction and the subsequent maintenance will usually cause the 
least interference with trafic. This is particularly the case if there 


= @ central reservation under which the track can be laid, with sart 
ably placed gaps in the reservation at which jointing points can be 
located 


able creepage uf 
lin water-bearing 
ng coastruction 


not possible to 


i permit 
are la 


A route near one side of the road « 
short length ducts, ¢.g. carthenware ducts 
subsoils and will cause more dishocat { trafhe dur 
according to the width of the road s generally 
select manhole positions which allow so safe working as for a central 
position of the track 

Positions nearer than about 2 ft 
from a grass verge) should be avoided since 
serious risk of impairing the strength of the road by all 
spread because of the reduction of latera 

@) () If a position on the cannot be 
avoided, carriageway joint boxes should only be used im straight 
sections of route, not where there are “ blind beads In the latter 
type of situations manholes should be built irrespective of the size 
of duct route and, in extreme cases where traffic may 


© a iitthe more 
8 otherwise a 
wing it te 


from the kerb 
there 


support 


norma of tram 


nterteremor tx 


ts should be kept ind. 
agreeing depth, course, and position of the track with the Highway 
Authority's 
(6) In a situation such as that indicated in (@)} (ji) above particular 
attention will be needed to the drainage of the duct line (as wel! as of 


oocur 
The creepage of cables can usually by a concrete 


; prevented by 
raft or saddle laid over the duct track but insulated from it by « 


thin layer of earth finely divided 
(e) ef cables can be directly arrested by use of ant) 


The creepage 
creepage devices (A.C_D 5} applied to the cables at jointing chambers. 


TELECOMMUNICATIONS (PRINCIPLES) I, 1949 


peraliel, hor nhs ndwctor Neglectemg the 


Q. 1. There ave tx 
held Avich the macnet held produced 


effect of the earth's magneti 

in a vertical plane 
(a) when one comductor only arr 
() when both carry equal D.C. in th 
(c) when both carry equal D.C. in opposite direct 

Show clearly the direction of the for rperien 
im cach ease 
A. 1. The required sketches 


—— 
- 


ame dif 


lal 
a (COMDUCTOR CARING 
- ‘ © CURRENT TOWARDS 
Macs 1 \ CaseRver 
U 7 » * 
. tm ( CONDUC TOR CAR 
CO) @| quanent a) 
: SOME RVER 


4 i ‘ 
' ‘ ‘ j 
: I 
‘ eae 4 ; 5 
‘ . 
Ye 


-* 
“* 


Rye 


ij 
4 pea ef _ . ORECTION OF mAGMETEC 
o—* reo 
ORE TION OF FORCE 


Gm CONDUC TOR 


With current only in conductor A yet ti 
the magnetic field of A. and there force ween the 


fluenced by 
mductors 


nmEuTaa 
— a Com 


tors are attracted 


ry are repeiied 


With equal D.C. in opposit 


between damping torque and controlling toryue 

'y how cack is in @ moving coud milli 

the haireprings on such a meter were replace by 

nonm-restivemt wire connections, what would happen when « 
3? 


has a resistance of 100 chms and gives 

Show by means of 4 

diagram how the instrument could be adapted to measure voltages up 
to 10 wolts and calculate the value of the reuistance 


0. 2 Dis 
and explam 


ammeles 


A. 2 A moving-coil meter movement gives a steady deflection 
under the action of two equal and opposite torques, that which 
deflects the pointer due to the electric current in its coil and that 
duc to the control springs which attempts to restore the pointer to 
zero. These must be equal when the reading is steady 

The © Torque is that by the control springs 
Its magnitede is directly proportional to the deflection of the 
movement in most types of moving-coil instrument and when the 
needle is steady, the controlling torque is equal and opposite to the 
torque produced by the current in the of the coil. The 
control torque provides the datum against which the force due to 
the current is compared 

The Damping Torque only comes into pay when the meter cot! 
is actually moving; it always acts in a direction opposing the 
motion and is intended to bring the needle quickly to rest. It does 
not in any way contribute to the final steady position which the 
needle takes up. The damping ue is usually introduced by eddy 
currents circulate in the -fesistance aluminium coil 
former of the meter under the action of E.M.F. induced when this 
single-turn coil cuts the magnetic field of the air-gap. The circulating 
current sets up a magnetic field t the coil in a direction 
relative to the air field such that a braking torque is imposed 
on the coil-former kinetic energy of the coil movement is 
dissipated by these eddy currents as heat (/*# losses) in the coil- 
former 

When the hairsprings are replaced by fine connecting wires which 
permit completely free coil movement, full-ecale deflection will 
result from any current in the coil great enough to overcome pivot 
fmction. This deflection is, of course, then independent of the value 
of the current, and the needle will not restore to sero when the 
current ceases 

The equivalent circuit of the meter connected as a voltmeter is 
shown in the sketch. Whatever the nature of the application, the 


—$O—-t=— 


moving-coil meter will give full-scale deflection when a current of 
10 milhamps flows in its coil 
Thus, if a single resistance, 2 ohms, will enable the meter to 
measure voltages up to 10 V, then 
10 


ik + 100) x ~ 


jo0o " R = 90 chm 





TELECOMMUNICATIONS (PRINCIPLES) 1, 1949 (continued) 


Q. 3% With the aid of weitable hatches, desribe the wction of om 
aduction coil 


‘ é 
If the turns om cach winding are to remasn comstant, by whai ther 


encams coteld tha woondary voltage be mmeveaed ? 


A. & An tndoct ots kaven a & spark-coll, of 
Kubmkort coil, peg Scag cares ll a high voltage trom a low 
voltage D.C. supply, each as a Gvolt battery. The high secondary 
voltage intermittent, but, in a well-adjusted coil, & almost um 
directional 

Two cotl (see sketch) are wound one over the other 





ma cylin 


wae OA 





OF primary coil, commete of a few 
ures of heavy-gauge insulated copper wire distribated aniformly 
ver the length of the care, so as to be able to create a strong | 
ux in the iron when a suitable battery is connected t) the coil 
ermimaks, The seo comets of very many tarns of fine 
pulated wire, An E.MLF. will be generated between the terminals 
i the secondary coil, in accordance with the laws of magnets 

luction, whenewer the wind are cut by a changing magnetx 
id, atul the magnitude of this EM PF. at aay instant is proportional 
» the rate of change of the flux = the number of turns of conductor 
ut by the @us. A changing magnetic feild is prodaced 
imary current is rapidly interrupted by means of a 
porated automatically by the changing flux in the core 
rge equipments a motor-driven rotary switch may be 
Thee very large voltage generated across the termina) { the 
ondary wm, of course, the sum of the email voltages generated m 
ory imiivideal turn of its coil, If thie were wound in a o 
pultt layer form a large voltage would be built up between success \ 
yers of the winding, and thie would lead to risk of insulation 
vakdown within the secondary coil iteeif To minimine the risk 
he secomiary coll may be sectionalised, each section being wound 
its own ehouwite bobbin. The secondary voltage is the 
y connecting the sections in series, s that the tota 
ikis up in steps down the length of the coil 
it will be evident that the magnitude of the secondary + 
jepemds upon the rapidity with which the primary current can be 
woken, As the primary coil has a considerable inductance it can 
store an appreciable amount of energy in its magnetic field, and all 
this must be removed quickly to obtain a high rate of fall of flux 

A capacitor, K, is therefore connected across the contacts in order 

that the energy, which would otherwise dissipate slowly by means 

of an are at the opening contacts, may be absorbed quickly as a 

charge in the capacitor, This leads to a much more raped fall in the 

oore flux, and hence @ higher induced voltage in the secondary [Hy 
reducing sparking at the contacts the capacitor reduces ntact 
wear. When the contacts close at the commencement & cy 
the capacitor tends to delay the build-ap of the irrent 

secondary E.MY. induced at the make which is opposite i 

direction to that at “ break,” is therefore reduced by the capacitor 

The met result is that the E.M FPF. at the secondary terminal is 

almost entirely due to the break comlition and is therefore 

almost un: directional 
If the two coils of an induction 
scoondary E.MLF. can be increased only by increasing f 
change of flux. This effect can be achieved by one of diow ing 
cnethods 

4«) inoreasing the primary current by weing « 
hattery This ceases to provide any appre 
alter the flax has become great enough to sat 

(6) imereasing the rapidity of break of the pris 
tightening the restoring spring, 5. oF 
armature, A 
Ensuring that the 
contacts is of ample size, and that the o 
condition 


vical soft iron core. The iamer, 


agneti 


when th: 
omtact if 
ite. in 


preferalne 


ME Raous 


mn built up 
potential 


tage 


oml are of & grven od size, the 


capaciter across the 
mtacts 


Q & When « battery, Asving an ELM 

sadernal vessstamce, 14 commected across 

series. Ege ay. 
ene an revstangs 48 comnected im 

battery current ss imevcased to 75 

resistance: the voltage acriss Prater onl pace oo hye A 
em tt amd the power supplied by the battery im the two 


A. 4 Let each of the two equal resistances be 


with the two resistances in series as in sketch («) 


eens. se 








io" ° K 
22 


terminal voltage) x (current) 
6 = © & 10°? watts = 0-3 watts. 
—_—_—_—_— 


as in sketch (6), the voltage 
1-5 volts 
—_—_—_— 


- 60 obms. 
—— 
The power supplied 


When the third resistance + is added, 
across AB “a 6 = le"? x @) 


the current in R between AB = « 25 mA. 


3 mA. 
1s 
” 108 


current in rv between AB 


= 30 ohms. 
—— 


0-075 watts. 
wo —— 


delivered by the battery when the three resistors are 
5.10°* watts = 0-46 watts, 
TT 


The power in sr watts 
The power 


m creuit 6 x 


QO. 5. What do you wederstand by the term “ dlectric field strength“ ? 

4 capactior comsists of two semilar, , Ghaminiam plates cach 
10 cm. by 10 om., mounted parallel ond opposite cach other, What is 
thew cabacttance 1m walk, when the distance betwoen them is 1 om. and 
the dielectric air? If the capaciter is given « charge of GOO micro- 
coulombs, what will be the oi erence of potential between the plates ? 
How will this be affected space between the plates is filled with 
was which has @ diclectrs cau waa? 


A. &. Electric Field Strength is the force in dynes which is exerted 
on & unit positive electric charge situated in an electrostatic held at 
the point where the intensity is requi 

This electric Geld strength, or intensity, is a vector, ie. it has 
magnitude and direction, and has the dimensions of a force. It 
should not be confused with magnetic field strength 

The capacitance of a parallel plate capacitor having dielectric of 
permittivity A is 

AA 


electrostatic uruts (¢.5.u.}, 
4nd 
where 4 is the effective area of the dielectric presented to the plates, 
and ¢ is the average distance between the plates. 
Por air A I 
loo - . 
“ae 4c 1 ets 


Now | farad 4 10" esa 
lw 
‘ 7-058 x . farad 


The fundamental equation for a ag ss 


harge (7) 
Fowaal Tes iv) 
Couiombs 


related by Farads « "Waite J 


Capacitance (() = 


Note lnits are 
between plates 


wlio 
= 6656 x 10° volts. 
eee a 


lifference 


Potential 


7-058 = 10/9 micro micro farads — 6-643 6-843 apk. a 





TELECOMMUNICATIONS (PRINCIPLES) I, 1949 (continued) 


if wax as phaced between the plates so as to exclude all the air, 
will be increased by 440 times, since AL, =~ 640 


The total remams umalterei Therefore the potential difference 
between the which is the ratio of charge te capacitance, will 
be one-quarter of its value when air was the dielectric, Le 
P.D. (ai 

. 


PD. (wax) i-4i4 


g Describe 
pe oduced by 
(a) A vibrating telephone 
(b) A vedic tansnnttin 
electric (umrvent 


breefly the 


regurm \ 


‘ 6. ta) The radiation 
diaphragm consists of sound wa, 
current energimng the telephone { 
and this imparts some of its energ the a 
\ physical mediam is necessary to transmit sou aves 
the stimulus of the diaphragm th articles vibrate to form 
longitudinal ure waves travelling at form welocity. This 
velocity is 1,100 ft. jsec. unde ; and temperature 
conditions. These sound waves are : ry tenuated in free air 
so that they become inaudible a few t from the telephone Sound 
waves can be reflected and reira to a smaller 
extent, by variations in atmospheric temper © or density 

The wemcy range audible to an average uman «if is about 
%)-. 12,000 cfs, differing wide! et \ commercial 
telephone diaphragm seidiom tran» 
exceeding 300-4,000 c/s 

6} In a radio transmitting a diation 
energy occurs due to the acceleration of electrons in the conductor 
This can be explained as follows ynagnetic field around 
& moving electric charge in fre theoretically tu 
infinity. Hf the electric charge accelerates in s acceleration 
cannot instantaneously be imposed tt with 
the result that the field in the acighbourhood of the charge will 
shortly afterwards be moving at the nev city, while the more 
distant portions will be travelling at t! Thusa" kink 
is created which, moving radially twards from the source at the 
speed of light, constitutes a field at right 
angies to the direction of ty transverse 
feild “ and it will induce current 
No physical medium is needs ransmit tt wave motion. It is 
is fact of the same nature as ligh ager wavelength, i 
a lower frequency, which may | t tween 16 kc/s and 
say, 10° ko/s 

Electro-magnetic waves at ri munmcation frequencies paw 
undisturbed through ineulating , " ond t induce 
alternating E.M.Fs of th nm fre os in nductors in their 
path 


produced ¥ sting telephone 
. mding air The 
gm into vibration 
e form of sound 
and under 


ted 7 ; es oF 


i frequencies 
ie tromagacti 


electre 
extends 
space tt 


it its whole field 


avel : ; alled the 
nced im its path 


rmaire al required 


Qg 7 
for 
(a) the Permanent magn 
b) the pole preces used 
the lamination « 
generator 


Cempare tre 
tivrect current! 


\. 7. All three application th material 
and mm (6) and (c) thes ast nest f " s), tungsten 
steel is often used, but a better tained from 
the new high-flux-density a 
proportions of alumimum and 
a) The permanent magnet 
a high flux density in the 
diaphragm. It must theret 
of magnetization indet 
magnetic flux from the 
despite mechanical sh amd 1 perature changes wh 
during the life of a telephon : 2 e magnetic properties 
of high coercivity, high ’ m ageing are 
therefore essential. [nm add " agnet s due to emall A‘ 
heids should be low, de 
eddy current losses, becau the ' ary 
current frequency. Ii the : 
the permanent magnet 
has to carry the speech 
permeability over the range 
magnetic flux obtained { 
be a8 great as possible so that t 
be kept to a minimum 


ntains large 

t has to provide 
and the stalloy 
gh degree 
alternating 
retain its flux 


== oe 
h eocur 


: ysteress am! 
with the speech 
s type in which 
then the magnet 
i then have a high 
t me used The 
naternal must 
agnet can 


for pole pieces in normal telephone 


je} The armature core of a D.C. generator experiences high flux 
deautres which reverse rapidly as the armature rotates. No properties 
of magnetic retentivity are —— bet high permeability and low 
coercivity and casential to give the maximum 
operative flax — aan armature coils with the least magneto 
motive force. a= Fangs ny must be oznable of taking the highest 
possible flux density; the machine exe can be reduced without 
reducing its output if the operating flux denuty in the armature 
can be raised. 

Sech high flax densities are acoompanied by high magnetic josses 
uniess special care is taken. The most serious losses will be due to 
hysteresis and eddy cerrents. The first is the energy lost withia the 
magnetic material due to inherent molecular resistance against 
flux reversals. The secoml is /*8 oes from circulating currents 
imduced by the changing magnetic flux within the electrically 
conducting core. Hysteresis loss is a property of the magnetic 
material and is controlled by careful attention to its cornposition 
Eddy current losses are reduced by re armature core 
from laminations of sheet material, about | im, thick, which are { 
insulated from each other in order to restrict the conducting path § 
for circulating currents. The eddy currents within the thickness of 
me lamination are further reduced by making the D.C. resistivity 
of the material as high as possible. Stalloy sheet ts commonly used 
This is a ferrous alloy developed specially for such applications, and 
possessing all the desired properties 

Mechanically the material must be suitable for production in thin 
rolled sheets. It must not be brittle and must be suitable for 





punching into the intricate shapes necessary for laminations 


QO. & What is meant by the expression “ the effective calue of an 
electric current”? Tilustrate your answer by references to both direct 
and alternating currents. 
The following currents are passed simultaneously through 4°) ohm 
resistor 
a) | ampere divect current 
(6) @ stmusotdal alicrnating current having a frequency 
and maszimum value of | am 
Draw 4 graph, approximately to sale, of the waveform of this total 
current 


i DO ofs 


The Effective Vaiue of an electric current can be defined 
as follows. If a current is passed through a pure resistance, X ohms, 
its effective value, + amps, is that value , when squared and 
multiplied by HX, gives the true power dissipated in the resistance 
This power is then given in watts 

If it is w direct current its steady value is also its effective value 
If it ts an alternating current with a pure sine waveform its effective 
value is the value of the current divided by (2. When several 
currents of sine waveform are superimposed the effective value 
of the total is the square root of the sum of the squares of the 


effective values of cach taken ae pyme 
In the sketch, the steady D.C. of | amp. is shown at B 


\ . 


The AA 








alone is shown ia curve C, with a peak value of | amp. The com 
bined waveform, shown in D, is obtained by adding ordinates of 
curves B and C for points which correspond in time, The current 

7 





TELECOMMUNICATIONS (PRINCIPLES) 1, 1949 (continued) 


Circuit is of the form shown in sketch (4). with the two 


me ABC and ADS in paraliel The total fall of potential along 
h of these two paths must be the same, and equal to the battery 
M.Y. When D and B are at the same potential the PD across 
D must equal the PD. acrows AB 
Thos, if 7, amps. ia the current in ADC and /, amps. in Abe 
Ohm's Law, 
I, x Rel xP (il) 
Semilarty, for DC and BC 
xX wi, xQ 2 
Li vide equations (1) and (2) to eliminate /, and /, 
k P = Rx 
> Seeks Bae ba Ges P 
100 chma, Q @ ohma, and X 
~ & 
x 3 21 ohms 
loo oe 
Sketch (2) is in fact the Wheatstone Hridge circuit, shown 
ed condition when no current flows in the galvan 
Sketch (6) shows the out-of-balance condition when X Ww) ohme 
direction of current flow in a hypothetical connection between 
and B would then occur from the point of higher to the point of 
¢ potential ; and for the determination of the current direction 
the potentials of D and B before the connection of the hypothetical 
fesistor will suffice This can be determined as follows 
Since AD and DC carry the same current, /, 
cD 2 7 
DA Bw” 
Since CB and WA carry the same current, /, 
ca * 8 
BA joe lo 
Hence, D is at a higher potential relative to ( 
Therefore, current will Gow from DL) to B 


then 


then 
356 ohn 


Whea Pf « 


m the 


nhete 


crea al serves of voltage tome curves om the an nye ae 
how the ampere hour capacity of « secondary call varies with the 
A huharer 

How dows the opecifie gravity of the acid change during discharge ’ 
State the limit: normally adopted im practtas. 


A. Wo 
The tree capacity ender given conditions is the electrical power in 
watt-hours which can be recovered from the cell during a 
duscharge cycle uncer these conditions. The 
normally used in rating cells, is the product 
which the cell can maintain for a my A 
hours. The watt-hoer rating allows for 
occurs during the progress of discharge, and tags 
useful energy recoverable from the cell. pe pte 
assumes that the voltage at the terminals of the remains constant 
throughout the discharge. and it is therefore only an approximate 
rating. It is nevertheless the usual method of rating cells com- 
mercially 

The capacity is only an approximate guide to the performance of 
acell. It decreases as the rate of discharge increases and is generally 
dependent upon the previous history of the cell; eg. the number of 
previous chargeidiech ree cycles affects it 

Curves for two discharge rates i, and i, are shown in sketch (e). 


the fall in 
true 


CRG POU TAGE 


Te Tact Qours) 


then the time during which the battery can maintain 

is more than twice the time it can maintain #,, Le. in 
sketch (a) 7, i» greater than 27,, because higher rates 
give reduced cell capacity 


The specific gravity of the electrolyte falls with discharge according 
to @ linear law (sketch (5) ) because the electrolyte is responsible 


if 1, is twice +, 
the current |, 


y 


GRaw 
Lecter 


Micr« 
_ 
aS 


' 
. 
' 
i 
' 


censsnctidaasiitiigibtiapie 
ke ™ 
b) 


for the chemical changes in the plates which produce the EMF. 
The specific gravity is therefore a reliable indication of the state 
of charge of a cell 

The us 
rated discharge 


sal limits are | 
apacity 


215 at full charge, to 1-180 at the end of the 


The capacity of a cell can be defined in two different ways” 
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Q. 1. Obteia en expression for the wmpedance of « paralici-tamed Geoerally, hes 
resonant corcusl amd sheik 4 curve showing the variation of impedance eau Rr i a ;\— 
over the tmportant frequency vange. Thence show how greater Z m= ( + {~ a+ geal 1+ 4 te] = 
selectivity cam be secured by using the difference 1m output from two — a 
such civowsts, ome sharply and the other (f1 . 61 - bal +? Le} ] . 
flatly tumed to the same resonant i fo 1e ia) ; 
frequency. snes aa uw 

+om|—- T+ reais -2c}) 
A ! With reference to sketch i« . hE Sop SURF iae ee 


i : : 
- yc * Fijal 


Rijol eae toe 
(i—aLC) + jack eee ‘ation 
Rl—@ LO + oo LCR+ i: ol ‘ 2 ax Will be greater than L/CR and will ocour at an angular 
i wre frequency less than 1/4/LC radn.jsec., but greater than 
af Re a {Lh eth ‘ a/ iz — Fy Pada fave. 
Sle (h -— oF LC)}* + wR A curve indicating the variation of | Z| with angular frequency, @, 6 * 
& tan Jy etl given in sketch (6) ' 


From (i) this could have been 
Rts wl? 


f 
z= Ji ol ( 


When.a =O . 2 
When @ =~ o Z 


When 1 — a, 1 


i i 
[5 (+ + cia) 
a Ck 
i 
CR V1 Cr 
Z will again be non-reactive when 
ie, when, aw’, « I// R*L* 











Now, consider the circuit of sketch (¢). This can be redrawn as 


At this frequency G2) 
} " - 7 — p- . 


ne 1+ me) 


Further, 


Z| will be max or min. when 





a*C*R*\ 2eaL* 


4 Deol *R*)) 














#2) 
and, = 0 when 
dw 
L* (l—2a@,*LC + w,*L*c* w,*L*C*R* 
R* + ®L%. 
from which, w,°1*C* + 2a,*2*C'RH* 
Re Re 
and, w,*= — jr \ ( ; 
Rr i 
. = Vv i. 
The positive sign applies, an 
maximum. Thus, o,* 
2R 


Ua le <1 





Rr I 
re bk ; : 3 j 
, Re voltage of variable frequency can be examined. The two paraiiel- 
- +2 — ; tuned resonant circuits have been adjusted to have maximum 
1 al impedance at the same frequency, and A, > AR, Le. (i) is more 
When 2 = 0, w, , ad sharply taned than (ii) 





TELZECOMMUNICATIONS (PRINCIPLES) IV, 1949 (continued) 
in sketch (9) the variations of V, aad V, with o have been plotted ‘ {{@ ME) + CMS tal (NA teeth ta 
ent ae a ae t . 


a no) 
jot 
and, ; & 
: jak (8 + AMO ® to a 
{a aL) +jal(R ++, ia aL) + a(R +10} (1 + eMC) 
Wi, ~ ends, ’, 
; foe (8 + AWE) Be. 
¢ {i aA,O) + jal ik 4 "iy — (l + MC) 
(ht AMOR tank 
BWR+v,) (1 — oC) 4 peng € (R +5)" + 2,4 M) — oC, sd 


j R 
’ . ( 
Whea , WRs7, 











The output from the second af vaives can be arranged to be y 
proportional to the difference of V, and V, Whea om, Vie = @ 
The variation of (¥,~¥V,) with w has been included in sketch (¢) When | ~e® MC «0, Le. of « UMC, Vie = @ 
_ in order to obtain « direct comparison, the graph of 2 (1, ¥, 
been plotted. Prom the latter it will be immediately evident 
t greater can be obtained by using the difference in 
tuned cireuits than is possible with either 


as. ts | 


\ 


J 








The values of the components in the abowe circuit are The variation of V/e with @ has been plotted in sketch (5) for the 
R = 97 ohm two signe of 


C ~ 0O4eF 


F 5 5 o- Substituting the values given in the question 
» ‘- >a x 


ai M jane 1o* 1410 2-5 « 10", 004 10° 07 
a oo 4 * x oo 
leaw graphs, approximately to scale, indicating the variation oO; 200 (1 10.5 x 10° 0-06 x 10%) + j WAL 0-04 x 10°. 10" + 
ratio Vie with frequency for the two values of M and caloulate the 2(5 4 2-5) 10% — 10, 0-06 x 10°*(25 —6-25) 10°* } 
» walnes af Vie for w 100,000 rade. jse With the aegative sign of Af, Vie ~ 6 

- 
With the position aga 
2. With reference to sketch («) 194 

200 + /10°4 0-046 x 10°84 1-5 x 10 — OTB x ters} 


~ 298 ion 34 
eS 


Q. & The static characteristics of a trieds valve, operating ai a 
covtawm anodes voltage are given in the table 


506 305 2-23 1-35 O98 0-66 025 006 


‘ 
tej ' ow The calee ts to be used as an anode bend valve volimeter, working 
with a normal grid bias of — 4 voll Neglecting the effect of instrument 
feul,)t, oo Mi, smupedance, calewlate the mean anode current for two AC. voltages of 


peak value 1-0 and 3-1) res fective 
(* + % + pool, ' 


4 3 a the ble he values of y /, have been obtained 


(« * > fod, 
.* ; j z ; 2 
joo M wus 5 4 ‘ 4 6 ’ 
font I, ima } oO 2233 16 O88 6546 625 0-06 
1 = wi) hawk F 2-2 174 149 224 OF9G 0-75 OF O24 
i 4 ost MC . 


- 





TELECOMMUNICATIONS (PRINCIPLES) [V, 1949 (continued) 
ee aoe be ont ak ie ane ot i. agus U, A. & Leta be the impedance parallel circuit. Thea 
i « straight line. Thus, the relationship case and ¥, is ¥- ; ; oon R 
peed eal § 


eo7-7 ea 


The impedance of the network ts 


Zeeee~ ett a 
VEE GOR Vn, ae 


Wheaaw=@ . yap 

















parabohe and cap be expressed in the form 
e BY, + CY, 
Then, substituting given values 
5 (a) 





at 
The impedance angle, ¢ — \ tan 9-“T rape 
‘ aR 
a, 9 = se 
é will be max. or min -Seaeseare ca or min, 
Bat tan ¢i6 max. or min whea 5 i an H-® 


d + , an ~ wre 
F ee S eng) = (2 a *RCR _ wR 2a *R 
daw (2 + a CRS 
(A 4B + 166 A ws CY en et +C Vint od d 
j (tan ¢) = 0 when 
i, = (V sin ot) (B- & ; s 2a dw 
? 2+ aOR @~ 2a®OR* 
The rectified portion of the anode current : or @ = 4/2/CR 
Whea V «= 10 At this angular frequency ¢ will be max. and 
o- 
5. ren 2 1-44 
2 dee = Tg Oe 
Mean anode current 1-55 0-03065 + 
: duce ~~ 19° 28 and |Z) ~ 4/2 
When ao 0, ’ = © 
ow mda O 
The vanation of ¢ with w has been included in sketch (a). 
Mean anode current i o-2 The power factor of a circuit is that factor by which the product 
- : of the voltage across the circuit and 
- the current supplied to the circuit 
This latter value h en included w t tat : erietn must be multiplied to determine 
in the sketch the actual power dissipated in the 
: carcust 
O. 4 Devrivecapre , v the im , With sinusoidal currents and 
and power factor of the circu . : voltages the power factor of a 
angular frequency o rad® Canedl cirourt is given by the comne of the 
14 R = 100 chus and tuk calculat im angle 
the impedance and Power tow m } +8 the question, and referring to 
vradn / se If a simusotda itage alt sketch (6), 
quency +3 appled acy the covcesst roms 24+ OR 
the crvent supplied aud the f vhed cos ¢ - ox = 
Draw graph: apfprostmatel a4 Vv + SaPC*R® + of COR 
howing Ahow the wmpedance and 
factor of (hts carcutl vary with freques 


When } 3-0 


' o-o813 





Whea aw = 0, cmd i 
@ =~ oo, omg¢e il 
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o~ ¥. con gm 52 ~ ones 
At this ¢ is maximam, therefore cos ¢ is « 


minimum oo 
The variation of power factor with @ has also been included in 
sketch (a) 


wo VETS Wx as rr wre 
oe 
ne se é~ le 
#+i 3 — 
Power factor ~ cos ¢ ~ 0-068 


If the voltage across the aetwork is V volts at a 
the current sw 





5,000 racdn_jecc., 


y 
I @ eee~—aee = is” 26 ’ 
is Vie 25’ 0-o6341 amp 
and the power absorted, 
Wo Vico ¢ « V O06. 0-940 ~ 0-061" watts 


6 ee fromctroms of the dipole which ts sometimes erected 
pol any ag Sid somone y Mon gor What is the <ffect om the 
horisontal piane of varying the distance between 


y apres fo ie that they are both resonant to the incoming 
frequomey / 


isolated vertical dipole, The 
an incident wave will be in 
ve in the horizontal plane, i.c., 
can be represented by a circle 

centre. 
and less than half a wavelength, 
comparatively high and the 
will be correspondingly small 

the dipole will be weak 

of the dipole is adjusted to be 
dipole will be in resonance with the incident 
ve, ite impedance will be low, the current due to the induced 
MF. will be . end substantial re-radiation will occur 
, tend to nullify the incident wave, i.¢., it 
approximately radians out of 
In sketch (a), two vertical dipoles 


ve been shown the re 





coving dipole, A, is assumed to be short and the other dipole, B, is 
tuned to the incident wave. Let the direction of the incident wave 
be at an angle @ with the line joining A and Ii. Let the distance 
between A and B be #A, where A is the wavelength of the incident 
wave. Neglecting any effects due to B, the EMF. induced in A 
will be 
 ~ &, sin (at + ¢) 

where w is the angular frequency of the incident wave 
and ¢ is the phase displacement of the incident wave 
source 

Again, as far as B is concerned neglecting any eflects due to A. it 
will re-radiate and when this re-radiation reaches A it will be 
{= + Bee (1 + cos @))} radians out of phase with the in 
wave at A, since it will have travelled an extra distance 
(ehcos® + aA) ~ #A (1 + cos 6) metres, in addition to the phase 
change introdaced by B, It will induce an FE MF, «,. in A. such that 


CP = By sin {ot + 6 + © + Bow (1 + con®) 
= — By sin {at + o + Bow (1 + con®) 
Under these conditions the total E.M_F 

+ % 
~ EB, ain (et + @) 


8 radians/sec 
relative to its 


fent 


imduced in A wil 


mH 


Ey sin 4 a $+ 


Assume f, ~ EF, 
then, ¢ = 2, cos { wot + o+ weil + con) } sin { — wa (1 + con®) 
The amplitude of ¢ will be maximem when sia {es a+ cos 6) } 
is unity 


i 

“*" sit me 

When @is 0, cos@ ~ lands = 1/6 
Le, the 
and the 
wave arriving in the direction AB, (0 = 

The response of A to incident cctéc adaatiemaeiwd Bb 
will be proportional to y =~ 2 sin {a + cos O w/4>. 

aph of this function has 

teen ited in sketch (6), from 
which it will be seen that the com- 
bination of the two dipoles has 
given directional properties to the 
receiving dipole at A, and, in 
addition, its sensitivity in 
direction AB has been increased 
Thus, the dipole at B acts as a 
reflector 

Now, ifs ~ 1/2, Le 4 
between the receiving po ge 
the reflector is half a wavelength, 
this response of the receiving 
dipole is given by 


ie. of (1+ con®) ° 


y¥ =~ 2sin {a + cos &) w/2). 


diagrams 
given in sketches (6) and (c), will 
be © modified. 


Graphs indicating approximately the of the receiving 
dipole in various directions are given in sketches (d) and (¢) for the 


OF 


d 


conditions when the distance between the receiving dipole and its 
reflector are A/4 and A/2 respectively 


Q. 6 A sgnal V, cin wy ts applied fo the grid of a hexods 
valve used as a mulisplicative mixer, and a carvier V, som wd 15 applied to 
the oscillator grid of the same valve. Derive on expression for the 
resulting components im the anode curvent assuming that both grids 
are operated linearly 

Indicate how thi ts applied im the superheterodyne 
receiver 


Primciple 


A. 6 If the voltages applied to the remaining electrodes of a 
hexode are coffstant, the anode current is a function of the voltages 
applied to the control and oscillator grids, Le., i, ~ f (e,, %) where 
i, is the anode current, », is the voltage applied to signal grid. 
and #, is the voltage applied to the oscillator tor grid. 
Now, since both these grids are onunee to be 4 linearly, 
we have, when e, 8 constant, (,/(, = 
It follows, therefore. 


if #, is constant, ,/fe, ~ constant « ye 








between A and B will be a quarter of a wa ; 
OSI BAN the eae rapes #0 te oe 
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that when +, and ©, vary simultaneously, the expression for anode 
currest is 
i, ~ 20, t, where « ts a <« 
Leto, = V, sin oy 
and 5, ~ Vein a, 
Then, i, « aV,¥, sin w/ sin wy 
on 2" 
2 


onstant 


8 (ay + « } 


us. the apode current contains two components, the frequencies 

of which are the sum and difference respectively of the frequencies 

to the signal and ceciliator grids, ic. the valve acts as a 
frequency changer 

In the superheterodyne receiver the 

signal is Gret selected by the aerial tuning circuit. Suppose that 

signal has an ular frequency @, radns.jecc. and that 

— ~ « — ¢, where gis angular frequency of the audio frequency 


@, is then modulated by a variable frequency oscillator having an 
angular frequency which is normally higher than @, and such 
that @, — @ is equal to some predetermined value. (@, — «,)/8e 
is known as the intermediate frequency aad is usually about 460 ke/s 

The modulation may be effected in a hexode valve, using « 
circuit of the type given in the sketch 


, 4 COM [Gry a, )f 


desired radio frequency 


ont 


a -$ 5 


or TE Ree oar 
(fem 


scree ” snot =: 


> T CONT ON | er 
~# 

' 
ae 


teatgc aor 
ab 


7 


The intermediate frequency (, w ¢) ts selected, amplified 
and subsequently rectifed The resulting audio frequency signal 
¢) is then amplified and fed to the output 

The main vantage of this arrangement 
is always required to operate over the same frequency band. Its 
performance can, therefore, be adjusted in the manufacturer's 
works to be most efficient within this service, it-will be 
unaffected by variation of tuning 

The variable capacitors for aerial and loca! 


be ” ganged.” 


s that the I.F. amplifier 


band In 


ecillator tuning can 


corcunt ncludimg the tnter-clectrode 
her anth resistive load 
beturen 


Q. 7. Giwe the egusvaicnt 
capactance, of @ triods valve used «@ 

Thence, derive an eapression fow the effective spacitance 
grid and cathode 


an amf 


amplifier with 


A. 7. The circuit of a tricd: 
alternating 


a resistive load has been shown in 


(a) 


current point of view this is equiva 
Ce = capacitance betwee 
Ce = Capacitance between 
Ce = capacitance betw cer 

~ w the amplification factor 

resistance the comtuned 


ts internal 


be Z 


Thea, 


a > 
w= § ee thm [. 
oy (t+ a) = 4, | + n. } 


— ty, f ») 
Also, — po, = Rol, - i) + 2G = 


~ R 
or, = = Aes 29 te) 


ae (~ am + RA) oe 


i + a(t -_"F)} - 4 {eect Ri - R*t3)} 





> BRR 

Ro + R + ja RR 

{Ro + Ril + Ww} + foCuRek 

(Re + R) + joR RL le + Co} 
jalen [at e+ R(1+ pe) } + Ces pCa + Con) Re =), 

(Ry + RY + oA RAR {nly + Cu)" 
wrcgnn[ Lhe + mo oe nw A on Sind "| 
(Re + RY + oP RORY Cy + Co) 


which @ capacitance in with a resistance. 
Thus, the effective capacitance, C, between grid and cathode is 


(Re + R) {R, 4 R (+n) } + We (Wle + Cor) RAR 
ih, + RY + AR IR Luly + Cu) 
If Pt ROR { WC + Ca}? << (Ry + RY ote. 
Cala + Ce 
At very high frequencies 
ca a + Ca} >> (Re + RY 


hen, C « C + fale, 
* Ma + Ce 


Q. & Explain the principle of the Wagner carth when used with an 
A.C. bridge for the direct measurement of the mutual capacitance 
pena oo oem dispense which has capactian.e to earth. 


It will be apparent from sketch («) that when balance of 
telephone 





= jue * 








Co + Ce 


R 
{1 + ee} 


A. & 


the bridge is observed by listening in the receiver the 





receiver will be effectively at earth potential. At balance, therefore, 
if P = Q, the capacitance Cy is virtually short-circeited and Ce is 
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Cy + Ce In order to eliminate 
double can be weed. Such 
trom 1t will be seen that a 
to the system at the junctios of 
RC, end RLp This earth is 


follows. With the ewitch im 
bridge is balanced by adjesting C. The 
position 2 and the secondary bridge = 


complex ratio arms. The 

ign posto and the process is 

are simultancously, L«., so 
telephones with the switch in either position 


with the switch in position 2 The 
>, Cy and Cy are star-comnected between points A. ( 
the equivalent delta network refer to sketches 


From these is obtained, 
Cy 
“ "Estes t 
ee 
Ca + Ce + 
CC, 
& * zs 
Ca + Ga + © 
ubetituting these values in thetch (¢ 
w the switch in position 2, C, is across 
he source and does not affect balance for 
hich we have, 
(P«@ 
GC, + Cg wm Cy + Ce + Coe 
Ca + Care 


GQ 


+ ty Ca’ 


Sketch (/) represents the conditions exmting when the » 








Lager gg) | 


s 


position |. This can be simplified as in sketch (¢ 
the star-delta conversion again we arrive at sketch 
Thus, with the ewitch in position | and / 
balanced when 
UZ, ~ jate + 12, 
But Z, - 22a ’ Zate Lets 
2s 


Zz PY are EP 
and z, « £040 ‘5 4 


ik, + fe te + Ce 
tors 


jet + 


Now Wz, _ 
avd 1/2, ~ VAR, 


Thes, the conditions which mast be satisfied when both bridges 
ave balanced are - 


i 
ye ete + oy et, + tee {i Fey Co ee 
I+ jot Rt, | ™% 


Cech =o 
since the receiver «6 


ont 1iCe + Ge) ~ Cap + a 

j Ce + Ca + Ce 

Ia addition, Co & effectively short-circuited 
definitely at earth potential under these conditions. 

It follows, therefore, that C — Cy: alsoC, ~ Cp + Ceand R, = RB, 


Q. © A certain Wansmicsion line 1 mile long has the following 
umifowmdy distributed primary constants |— 
L =~ | mi jmile 
c 0-001 pF /meile 
Calculate the chavacteriet: umpedance and phass change coefficient 
of the time at @ frequency of 2 megacycles/see. 
The lime is tormimated at the receiving end by its characteristic 
An alternator, having an ¢m.f. of 2 volt o.ms 
ommected 


’ 

across the sending end 

recewwing end terminals and its phase relative to the vollage acrcss 
sending end Draw graphs showeng the instantaneous values 
current and voltage along the line, when the instantaneous value 
sending end collage is sero, How would these be modified, when 
lome ts « corcested at the recevorng end, and what would be the voltage 
across the recetuing end termenals under these conditions ° 


Characteristic impedance 
. 
z i ixie 
c li x le 
Phase change coefficient, J = or/ Le 
te x 2 x We a/l x 10 eT & 10% = be radians 
—_—_—_—_—_—_—_ 
Referring to sketch (4), Vg @ Vee 
Lani tet noel 


hil 


$7, Zz, =~ 1 volt 


i volt lagging 42 radians, or 720°, behind Vs 
line across the receiving end 


A. @ 


1,000 ohms 





But from sketch (6), WV, « 
Ve 
The impedance 
terminals will be Z, 
When these terminals are closed by Z,, Vg = Voc t# 
a fae) (see sketch (c)), Le. epi = fey 
conditions the relationship between the current, /, 
at any point distance * miles from the sending end 


measured to 


~. © 2h ye 
Under these 

and voltage, | 

is 

& 2Ve"™ ' 

2 2, 22, 2. 

Since Z, is non-reactive, / and V will be in phase 

In sketch (¢) graphs have been drawn to indicate the instantaneous 


i 


= 
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values of currest and wultage along the line when the instantaneous 
value of the sending end voltage ts rer 

When the line is open<ircuited at the receiving em! the condrtioms 
existing can be represented as in sket«! The recetwing end 


f— we 
i 
' 


= 





whoch 
In thes case 


terminals of the line can still be re 
an EMF. ¢g and internal impedance Z, 
however, the alternator is open-cir 


has 


gars n eT t 


ultex 


rs 


These same oaond:tions <i at the receiving 
ead if an alternator having an 
EAMLP.. «, had been « 


sketch (¢) ) 


ard saitalsle 


Tithe en termunats 


fa 7 
Thea 0. or 
22, 

Now if, under these conditions, t it a pe mikes 
from the sending end, the section ' this int to the 
sending end can be replaced | internal 
impedance Z, and EM} 


ata 


an 


Similarty, the portion of the line { 
can he replaced by an alternat 
of Z, and E.M.F 


ty. CIR Cm : 
Thes, the conditions at the wesented as 


in sketch (/), whence 


-_ MA : ~ 

box Mite «bit xl 

2% 7 

Ze | ’ 
vs vx ’ 


fee 4 


#3 fs sow 
= 2ft enw 





‘-«) 
oxi oy x 
@-*) 
at?™ 


This ia the difference of two vect al he : »/2Z Thea« 
have been represented in sket : - 


their difference is OD I, 


tively and 


40D ; ie 


\gain, 1", 
vectors Of 


fee 
and OF 
Hence OH represent 


’ 


It will be observe 


Z. 
Z 


os, Off leads U1 


hee beads the current at that point by 90°, when the rocenmag cad 
terminals are open circuited 


The actual condition for the line in question will be as shown in 
sketch (4). 


Ie sketch 
all points tn 


}) the instantaneous values of and current, at 
en ore teen shell bus ho Peltceny cnntnttos 





1 sending ead voltage 
(a) Wg = O 
b) Vem —By 
fe) Vee 
ad) Va ~ +B 
From these graphs it can be seen that, effectively, the volta 
wave moves down the ine but the current wave remains stationar 


N.B., the current is always sero at the points s « aa/f, Le. «© =~ 0 
25, 0-5, © 75.and 1-0 miles), This is called a standing wave of 





lien on -m) 


= 2/E sin 4nt-x) 


current, which means that the instantaneous value of the current at 
any point in a line, which is open-<circuited at the receiving end, 


16 
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and negative values these 
omen, *t different points in the line 








10. Hwwmerelé the carious causes of Boise Ot @ repeatered cable 
owt and descrsbe the methods which have been adopted | thew 
eed 
What is @ prophometer and how can U be weed ft 
svalent aural effect of civewil noise / Distinguish between 
leonded for the transmission of commercial speech and high quali 
ote 


redwee 


mearuré the 


vewrls 


aTiee | 


10. Noise in a repeatered cable circuit can 
Owing Causes 


1, Crosstalk. 

2. Induction from nearby power circuits 

3. Resstance nome 

peaters 

4. Crosstalk 

5. Notey power supplies to the valves 

6. Shot nowse 

Some methods by which these various forms of 
aie 
1. Crosstalk 

i} Rieetromagnetic. By using twisted pairs 

(it) Eleectrostatn By balancing the capacitances 
adjacent wires and between these wires and carth a) 
of the cable The 
between the wires f a qua are 
shown im eketch (a it will be 
seen that the arrangement a 
stitutes « bridge and. if no sound 
ie to be beard in the telephon 
the trivige must 
when 


ie the 


apacitances 


te balanced 


; rf / 
Crosstalk at the 
end crosstalk 
physical separation 
an! 
separately “ree 

return 

i) cables for thee paths 
by using different frequem 
for the two directions of tragsmisson 


return patha 











ables 


2. laduction 
Each wire has a motual impedance to earth, as indicated nm 
sketch (5). Hence, if 
any earth currents are 
present, which is gener- PP 
ally the case, and no 
sound is to be heard 
in the 
(i) #, must equal ¢,. 
ie, the wires 
must be as clone 
together as pos a —a 
sible so that Af, (d) 
- M, 
The wires must be balanced to earth. Hence, their leakage 
impedances to earth must be equal, ther series impedances 
must be the same and the impedances from the “ peak ™ of 
the termination to earth must be equal. 
3. Resistance or thermal agitation noise. 
This noise is due to molecular agitation of the conductors and is 
givea by 








= “TRS, — f) 

Where 4 is Boltzman's coefficient 1-374 x 10°" Joule * Kelvin, 
T is the temperature of the conductor in degrees Kelvin (°C + 273"), 
R is the reawtance of the conductor in ohms, and (/, — /,) is the 
effective frequency band 

For a given bandwith, therefore, 2 should be as low as ble. 
As far as the terminals of a cable circuit are ooncerned, s 2 
Thus, cables intended for wide-band telephony should have a low 
characteristic impedance (N.B.—-For the latest coaxial cables Z, 


ie about 560 ohms 
4 Crosstalk 
This can result from using common supplies to the grids and 


Wp fl 


anodes of the valves in repeaters 
To reduce its effect, the im- 
pedance of the batteries must be 
as low as possible and individual 
by-pass circuits should be fitted 
to each stage of the repeater 
(see sketch {c) ) 
5. Nome from power supplies 

This can be reduced by 
smoothing the outpet from 
floating 1D. generators, and 
ensuring that the battery im 
pedances are low, Le., batteries 
must be maintained im good 
ondition and the effective area of the loop should be as small as 
possible. Feedback applied to the repeater itself may also assist in 
this connection 
6. Shot noise 

This arises in the valves of the repeater and is due to the anode 
current being the result of the passage of individual electrons from 
the cathode to the anode. The noise current is given by 

s* ez. ._- fy) 

To reduce its value, the norma! anode current, J, should be reduced 

The prophometer is casentially a valve-voltmeter which has a 
high impedance balanced input, a definite frequency charac- 
teristic, and an output meter which has @ prescribed response 
with time. The frequency characteristic adopted is known as 6 


MS 





lesigned to weight the frequency com 
that the R.M_S. sum of their equivalent 
ndividual disturbeng effects on the reception of speech or music can 
be determined The weighting curves for these two conditions are 
shown in aketch (d It will be observed that the particular curve 
for apeech is far more peaky due to the dependence of efficient 
speech transmission on mechanical and acoustic resonances in the 
transmitter and receiver of the subscriber's instrument 

In addition, the psophometer for music circuits is sensitive over a 


wider frequency band 


weighting ve and is 
ponents in a disturbance » 
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“ i Deseribe with « Nicch whomatic diagram « twidlediversity 
»peced-aertal vecewer for the receptiom of telegraph, im the chort-ware 
hand. 


5. 1. Speced-ccerial diversity recept ften employed om the 
more important long-distance short-wave rac nks in order to 
mmimise the fading which is «haracterst { such banks 
m the fact that fading rarely oocu simultaneously on receivers 
connected to serials spaced by several wavelengths, usually along 
the great circle path to the transmitter <k schematic of a 
triple-diversity spaced-aersal receiver “a in 
sketch (a) ; it comprises three separat 


It rebes 


The ? 
f telegrap? s oh 
m first 


T the : ach comprise a 


adio frequency amplifier, RI sme : frequency, « 
frequency-changer, FC, and an int ediate-frequem amplifier 
IF, followed by a diode detect Det ¢ intermechate-frequency 
amplifier provides most of the » ty rm ed in the receiver 
either in t inter-stage coupling parate hand-pass 
filter. The intermediate-frequency sually about 
465 ke/s in a@ reoeiver with « singk ‘ s fret inter 
mediate-frequency of 1-5 to 3 Mojs Lf : by a second 
tatermediate-frequency of } tT? i arrangement 
enables the conflicting re hannel ratio 
and good selectivity to be 
For interrupted continuct 

wave (M.C.\W.) teegraphy 

are combined by operating t! 
common resistance.<apaci tance 


wating oscillator, O1 


mtinous 
rivers 

V3 into a 

wn in sketch (5) 
The tied voltage de 

CLT tor eloped across RC is that 

-{ ; the strongest of the 
ee ™ prov vded 
eivers have 
gain la order 
shall be 
signa! 


gains 
at all 


vA 


| 

| 
< 
TT 


ve ie 


At-y | I | 
Le | =) ? " erive fr ! h 
va sist apacitance 
A soothing t, Ricl 
= The tnned signal at 
» , etect 


utput is 


am pliher 
operation of an rn may 


a tome-se . ‘ tone t ne The 


for the 
be used to operate 
tone-sender Consists 
and 4 switching-vaive driven f t 4 er (sketch (a)) 
This arrangemest enal>! u ‘ the keying 
# the 1C.W. or MCW. « ‘ ’ » ie e for the 
of ap unduiat 


{a sour lator, OF 


speration 


2 kiaplaun the meas 
6) reflected wave 
b) standing wave 

oR rejeremer lo 4 Pans 


§ Pan smstisior * mpedance + 


1 low-d 
onnected to @ tran : ‘ 4 
Calculate the Om Disb fi ’ velat ienl wave 
ond the slanding-ware fats 


Dim Am 


A \@) 
impedance 








ik 
eae 
dance Z, and energised from a generator, also of j e Z 
The current / at any point is the vector sum of the current ), 
incident on the load Z,, and a current /, reflected from the load 
The amplitude and phase of the reflected wave is given by 
i, 





Z, is generally a pare resistance and when the load Z, is also « 
resistance of equal value to Z, it can be seen from the above equation 
that the reflected wave amplitude 1s zero; under these conditions 
the tranamission line is said to be ceerectly terminated. For other 
values of Z, a reflected wave exists, its amplitude lieing equal t 
that of the incident wave when Z, ts vero (short-circuit termination) 
or when Z, is infinite (open-circuit termination). 

(b) Standing-wave ratio, The phase difference between 
incident and reflected current waves ws different at various points 
along the transmission line, the phase varying through 2m radians 
in a distance equal to one half-wavelength fora line in which the 
phase velocity is equal to that of t 

Thus, the resultant current /, ich is the vector sum of the 
incident current /, and the reflected current /,, varies from «& 
maximum to a minimum, and back to & maximum again in 4 
distance equal to one half-wavelength, as shown in the low: 1 part of 
the sketch. When /, is much less than /,, the variation of the 
amplitude of the resultant with distance is approximately sinusoidal. 
When /, ~ 1, the maximum value of J is 2/, ~ 21, and the minimem 


value is sero, 
The standing-wave ratio is defined as 
[ente) [dal = It 
iL ia + iL, 


The standing-wave ratio may also be defined in terme of the 
voltage. The reciprocal of the ratio defined by the above equation 
ts also often used. 

Since Z, ~ G00 + /0 ohms 
and 2, = 400 + /200 ohms, 

reflected wave : 600 - 400 5200 

incident wave 6004 4004 sm 

fl balay 4s 
S4yjl 50/4118 
© O27 / —~O-3 
i neeennennRnEn REE REnE 


Thus, the amplitude of the reflected wave is 0-277 times that of the 
incident wave 
The standing-wave ratio is given by 
10-277 
i+ 6-277 
Alternatively, the 5.W.R. can be expressed as 
! * 
as ~*~ — 


S.W.R 


=~ 565 
—_—_e_ 


QV. 3 Deserite with a thetch « mounted quarts crystal suitable for 
operation at a frequency of 5,000 hejs. Give the chrowit diagram and 
state the order of frequency stability to be expected for an ambient 
temperature range of 10" © Wr ¢ How would you veduce to the 
mimimeam the effects of temperature on oscillate frequency ’ 


A. 3. A mounted quartz crystal suitable for use in the drive 
circuit of a short-wave transmitter operating at 6,000 kc/s is shown 
in sketch (a). The crystal employed is of the AT-cat type, ic. it is 
cut from « plane in the natural crystal lying parallel to the X 


7 





RADIO IV, 1949 (continued) 
much 


pte pete oo apne aa ps esteem Bae nae te 35-5", to the latter atick, the temperature does not rise above 
7 (optical) axis, Sach a crystal normally om illates in the thir bnens damage to the mavotided. By means of this simple 
stat coptrol it  pomsihte to reduce the temperature variation 
wee the crystal to about 4+ 65°C 
og? ie O. 4 Explain the conditions ender which” singing” may aria on 
6 tee way radio telephone link and indicate how tt may be prevented. 


4 A two-way radio telephone link is shown schematically in 
oh ia) It comsiete essentially of transmitters T, 7, and 


vheat mete, the freqqueme y of omctilatyon being determined pr arihy 
by the thickens and given approximately by 

14675 
frequency in ke/s 


thas, @ crystal for 5,000 kefe is about j mm. thick. The crystal m 
@eually in the form of a square or circular plate, of about | om. sete or 
deameter. in the mounting shown in sketch («) the crystal im clamped 
between staintens steel electrodes under light spring pressure, the 
Plectrades are recessed and touch the crystal only at its periphery 
& avoiding excessive damping 

The crystal is characterised by « substantially sero frequency 

mperature coefficient at a temperature which i determined by receivers A, A, for the A and B subscribers, tively It 

wangle@ Ina typical case the frequency temperature coethcent 

equipment are provided by two-wire land lines, the radio link itself 


thickness in mm, ~ 





will be observed that, whereas the connections to subscribers 
" 


as sero at MPC and varied with temperaturs as shown in sketch 
is the equivalent of a four-wire cireuit with separate “ go” and 
return “ paths. The connections of the two-wire land lines to 
Toa a] the radio equipment are made by hybrid transformers, H, the main 
sat function of which is to minimise the risk of “ singing “ on the radio 


link 
a Ideally the balancing impedances, Z, connected to the hybrid 
transformers would match the impedances of the associated land 
- lines at all modalation frequencies transmitted by the radio link and 


« 00 
under these conditions there would be no transmussion between points 


b |, 2and 3, 4 in sketch le 
' if, however, the impedances, 7, fail to match those of the corres- 
ponding land lines transmission can occur around the complete loop 
hes, for an atiiient tentperature range of from loc | {« 1234, and if at some frequency there is zero loss, or a gain, self 
ariation of frequency of some 16 parts in 10° occurs uniess | : ecitetion will occes This phenomenon is known as “ singing.’ 
rature of the erystal is controlled Singing could also occur around the path |, 2 and that from trans 
The corcuit of a typical crystal-controdied oscillate. . mitter 7, to the receiver HX, if the same radio frequency is used 
for the “ go and “ return ” paths, even though the transmitter 7, 
and receiver N, were separated by some tens of miles, as is usual in 
the case of short-wave radio links Thus, it is necessary to use 
separate frequencies /,, /, for the go and return paths 
In practice it would be difficult to avoid singing on a short-wave 
OE: radio link if only the simple arrangement as shown is employed, 
on 
oft fer 
bn 
































stmce the lowes of the radio paths and the gains of the receivers are 
variable with time, due to the characteristics of radio-wave pro 
pagation over such links Furthermore, it is umpracticable to match 
the land line impedance closely by 7. so that the loss between points 
T + 280v 1. 2or 3. 4 is often only some 10 to 20 db 

The foregoing comuderations make it necessary to employ an 
uidittona!l device termed the “ singing-suppressor ” to ensure that 
inging ws avoided for all conditions of the radio circuit and all the 

tand-line impedances likely to oocur in practice. 
x aw The bask elements of a singing suppressor are shown in sketch (b) 














re 
off 
bd 
+ 


fonsite of a pentode vaive, V, with the crysta 
between grid and cathode and a tuned circuit conn 


anode and earth The resonant frequency of the tan : . 
made a littl higher than the operating frequency so that ar pace TRangeT TER ¢ 
imductive reactance is presented to the valve anode ar ‘ ’ ; ‘| 
ie possible. In order that oscillation shall start freely, it " 
necewary to augment the anode-to-grid capacttance of the \ , 
a few micro mic rofarads, as shown im sketch it alm . z ~ 
’ 


to provide grid-bias, og. by a cathode resist: n « 
tree-starting. A small vanable capacitor, of some 10 t 
conmected across the crystal and enables the frequer 


to be varied by up to about I kc’ A D.C. path for ern t i om 

i provided by a 2 megohm resistor connected « - ‘ ______frss P=, RECENTR 

the value ts made large in order to avoid excessive damping 
To minimise the effect of changes of the aminent temperatu anne a” Sean SUPPRESSOR . 7 

crystal ie placed in an oven and is maintained at a temperate f - 

about 67"C The oven consists of a heat-insulated of ‘ 

a resistor used as & heating clement. the ter peratu ing coe 

by a bimetallic thermostat set to operate at 0 ( he batt : Essential! tis ©-operated switch, the function of which 

connected in series with the heater element and the : thert to disconnect the receive path and connect the transmit path 

expansion of the two metals of which it m made causes the heater whem the local subscriber speaks. In the absence of speech the 

to be disconnected when the temperature exceeds the assignees eceive path is always sected. Control of the device is primarily 

ot set A second thermostat, set to operate at abou } : by the local subecriber since this temds to awoid false operation 

be commected in serics with the 50°C thermostat » t. «al t tue to the vanable apex nv snd noatse on the radio link 





The switches in the transmit and receive paths, are termed 
tramamut static relay TSR, and static relay.” RSK 
respectively ; each consists of a network of copper oxide or selenium 
rectifiers which, when a suitable D.C. bias is applied, changes the 
attenuation in the path from about 2 db. to 100 db. The D.C. bias 
is comtrolied by a “© thermionic valve relay T'VR, the latter being 
‘ by the local subscriber's speech signals via a rectifier R 
thermionic valve relay has a trigger action ie a small increase 
of the input signal level above a critecal value causes a! aged reversal 
of the D.C. bias applied to the static relays and thus ensures a well 
defined switching action 


recetve 


Vv. &. A valic-frequency power 
and operates with a HT. sup 
curvent tm the tumed corcest : 
| ohm Lf the vadw frequen 
600 ohms resi stan ¢ 
wale’, asoumeng thal [Ac + ale 
1 walt-hour @ 348 TA 
1 gallon of water weighs 10 


abe eal 


calculation is 


‘ 6 
follows 
(a) The high-tenwon nput jf 


os 
10,000 


The 


b) The RLF. power 
i,*R, 


Lone 


The RLF 


power 


i*R 


4) The power lise 
— ‘ 
. The heat appea 
“4 j 
where { 
and / 


Bat | watt-hr 
hence, W 


But the heat appearir 
that dissipated at th 


4 


Hence 10,600 


ana f 


v 6 Deduct an 


broadside transmitting 
elements spaced one hai 


approximate form 


=” vertical 

nm aketch (a 
nt is the ver tor 
the indivi:ieal 
distant 
ne an anele 6 


lue to the 


\ 6 A broadside 
elements spaced one 


if the 


me f an 
| a 
it can ix 
the phase 


=n (ewe oon Or 
ain iw 6 cos BHA 


Ifa ~ édands — 4/2, 
aa Seon 


an (jo) 
R has a maximum value of 4 when ¢ = 0, i.¢, @ @~ 00 
sero when 
fe cos @ = 6, w oF By, 


Le, when @ = } 3 


Also Ris 


3 

The calculation of the polar diagram is svt out as follows 
degrees! « 1s » 

0 a 


oom 6 ; 
30 con © (dngmmes ) we 
ste (380 cos #) ry 
”“ 
0 
0 


gan 
omm 


Wome © degrees) =e 


an (WO com #) : 
. 


on 


The polar diagras 
1s shown in sketch 
11 is syrometrical abo 
the broadside and enc 
on anes, © that t) 
calculation weed 
| be carried out for o 
quadrant 


prime OF AMRAY 


te) 


0. %. Desertbe, with a chetch, 4 cavity resonator wavemeter suit 
for meanuring wavelength: of the order of 10 om. What resolv 
power (discrimenation) would be expected with such an imitrimen! 


4. 7. A resomant cavity wavemeter for wee at frequencics from 
about 2.000 to 4.000 Mc/s, 15 to 7-4 om. wavelength, is shown in the 
sketch 
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the dimenssons being 

wr the waveiength range 

adjasted bry means of a 

cavity ender the contro! 

The plunger is designed not to 

cavity at ite lower end, and the 

about one quarter wavelength 

wavelength range of the wavemeter 

impedance paths for curreats which 

cavity to the plunger and this helps 

discrimination 

to the source ender test by 

in « email coupling loop, the 

means of a microammeter 

via @ cartridge type crystal detector 

It is emsential that the coupling 

of beth loops with the wuld be wery small, otherwise the 

ahbration may be affected by the source under test or by fortuitous 
changes in the crystal detector circuit 

It @ an advantage of the type of wavemeter described that a 

Wile wavelength range, approximately 2 to | ratio, is covered by 

@Ghe instrament. Mowever, the Q tactor, which defines the ratio 

@ the irequency for resonance to the hall-power width of th 

mance curve, is hot as high as in wavemeters designed for a 

Nevertheless, 0 factors of about 2,000 are 

and setting accuracies of about 

parts in 10° to be obtained, i.¢., the discrimination is of this order 

temperature coefficient is about the same as that of the metal 

wn which the wavemeter is made, og. about 2 parte in 10 per 


t for copper 


frequency 


7 Giwe an outline deson ption of vreceteing and 
acuring eguapment for the precise determination of the frequency 
to (Wamemissions im the range DOD to 2,000 hes 

& Sketch () shows equipment for the precise determination 
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1OOmen 


AVS RAEY ~ 


anne Nan 
MULTIVIBAA TORS 
(@) 
the frequencies of radio transmissions in the band 500 to 2.000 kx 
It comprises 
(\) « super-heterodyne radio receiver capable of tuning 
band 600 to 2.000 ke/s, 
ai (hi) & source of signals at precisely known intervals of 25 & 
and 5 ke/s covering the band specified, for comparison wit! 
the frequency of the transmission to be measured 
The super heteradyne receiver is of the conventional ty pe wit! 
tuned radio frequency amplifier, RP, a trequency-changer, P< 
and the associated beating oscillator, 01, followed by an intermediate 
frequency ampliier, IF, a detector, D. and an auds 
am pitfer AP. tor operating headphones An intermediate-fre 
quency beating oscillator, O8, and an aucio- frequency oscillator, 03, 
are also provided 
The standard frequency source consists of a high stabulrty tal 
mciliator, X, operating at 100 ke/s and driving a chain of mult 
vilwators, MV, the latter producing harmonic series with funda 
mental frequencies of 24 ko/s, 56 kes and I ke/s The 
in each stage ie & to 1 oF less in order to secure reliable 
The 5 koja and 36 hkejs series are required 
2,000 kejs; either series is arranged to be switched into the re 
fput via switches $1, S52, the amplifier, AMP, and the ad 
attenvator, AT. The amplifer incorporates wu 
equalisation of the levels of the harmomes over the 
attennator enaldes the level of the harmonic selec te 
to be adjusted until it is approximately equal to that 
signal 
The fundamental output of the I-kc/s multivibrator 
aad drives @ clock controlled by a l-kc/s phonic m 


frequency 


freq rency ratn 


over the band 


earns i 


parison of the clock time with standard tome signals the frequency 
of the 100 kc/s crystal oscillator may be determined with a precision 
of better than one part in 10° 

To measure the frequency of a transmission, say, on 1851-723 ~ 
the signa! i first tuned in and the receiver gain 
or automatically to a suitable value. The & 
switched on by 52 and the level adjusted by AT so that a 1-723 kejs 
note, due to the harmonic on 1,850 ke/s beating with the signal on 
1851-723 koje (sketch (5)) is heard. The selectivity of the receiver 


. F 
TRANSMISSION / SE 

TO BE MEASURED / 

: | Smcaven 


‘ +72 deep 


se St 





ies T23 ue 
b 


should be such that the bandwidth is a little greater than half t 
spacing of the 6 ke/s series ; only one harmonic is then selected at a 
time. The oscillators O? and O3 should be off during this part 
the measurement. In order to :neasure accurately the frequency 
the 1-723 kc/s note, the audio frequency oscillator, O3, is switched 
and adjusted for sero beat with the 1-723 ke/s note. The overall 
accuracy of the measurement is usually determined by the accuracy 
of the audio-frequency oscillator and is of the order of | c/s 
Switch 53 enables the calibration of the audio-frequency oscillator, 
O83. to be checked if necessary by com 
harmonic series. Similarly, switch 51 ena! 
beat oscillator Ol to be checked at intervals of 25 kcjs, in order to 
be certain which harmonic in the 5 ke/s series has been selected by 
the receiver It will be observed, however, that the measurement 
is not dependent on precise knowledge of the frequency of Ol, nor 
is it dependent on the statulity of O1, within limits of about + | ke/s 
If the beat frequency is low, «2, less than about | ke/s, there may 
be uncertainty as to whether the frequency of the transmission is 
above or below that of the selected 5 kefs harmonic. This un- 
certainty can be resolved by switching on the intermediate- 
frequency oscillator, Ol, and finding the settings first to zero-beat with 
the transmission, the harmonic series being off; and secondly, to 
sero-beat with the selected harmonic, the transmission being 
switched off by disconnecting the aerial. It is also desirable for the 
image-ratio of the receiver to be high im order to avoid errors due to 
the image « of the receiver 


QO. © A reactor-valee consists of a pentods with « capacitance of 
bupk between anode and grid and a resistance of 1,000 ohms between 
grid and earth. I! is connected across an oscillator-tuned circwil, the 
fotad tuned coerce! capactance being WOOppyF and the operating frequency 
| Mejs. Calewlate the shift of frequency, if the vreactor-vaive mutual 


onductance is varied by I mA!t 


hannel response 


essential elements of the reactor valve circuit are 
aketch 


REACTOR 


\ w The 
shown im the 

Let V, be the 
alternating anode 
voltage, 

V, be the alter- 
nating grid voltage. 
and gq the mutual 
conductance of the 
valve 

If the reactance, 
lew, of the capa- 
dd between anode and grid is much greater than the 





citer © conm 


resistance / 
wk 


erefore given by 
a RgaVe 
anode is 
! 
‘ poo Rg. 
ipac tance, 


The ance 


m at the 


The impedar 


This is th 
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it gq Changes by + age C, changes by aC, where 
aC, = CR. 
The corresponding change 


carcuit is 


of frequency of the oscillator tuned 


1 &/ 
by : c 


where C, is the original capacitance »! 
/ is the original frequency of cscillat 


Substituting the given values 
j 5 » 
4 


snting the taned circeit and 


4 


1* cit. @ 


The negative sign implies that the 
mutual conductance increases 


frequency decreases if the 


« Power turn channel 
pile carrier, for 
f @ short-wave 


vy 10. Describe «4 mothed for producing a! 
single-stdeband sigma! with a partially suppressed 
subsequent amplification im the high power stage 
fam smmustter 


A. 10. The equipment for producing « low-power tw'a-channel 
single-sideband signa! with a partially carner 1s 
shown in the schematic diagram, sketch (4 


suppressed pilo« 


tt {77 tere 


s wide and are 
rier frequency, the pilot 
low the peak level of the 


The channels provided are usually about 6 & 
arranged above and below the 
being transmitted at a level! 
sidebands, in order to econor 

The incoming audio signals 
A and B channels are first amplife 
hers, AFP; they are then applied t 
Mi, together with a carrer fr “ 
oscillator, Ol, operating at 100 kc/s The use 
lators enables the 100 kc/s carriers in the outpa 
very low level. The output of th: annel m 


some 
Thiet if 
fron e lines rresponding to the 
lin the audio-frequency ampli- 

parate balanced modulators, 
quartz -crystal-cootrolied 

{ balanced mode 
ts to be reduced to a 


“iulator is fed to a 


pee es FI (A), which passes the upper sideband, | 
from the modulator and attenuates the lower sideband 


to translate 
to the required to amplify it to the desi 
_ It is customary, first, to translate the combined six 
by means of the second modulator, M2, shown & 
‘*), the modulator being supplied with carrier at 3 Mc 
»-crystal-controlied oscillater, O2 T 
of M2 is selected in the filter F2 
As and attenuates the 3 Mc/ 
9 Mc/s by some 60 db. as whx 
approximately in sketch (c) tern wency charad 
teristic of the latter filter is not critical and an inductor-capacite 
type of filter suffices. The 3-004-3-106 Mc/s signal is amplified i 
the intermediate-frequency amplifier, IF2, to a peak power 
of about 1 wart 
The equipment described above constitutes the drive unit prc 
and it is customary in present-day designs to incorporate a thi 
modulator stage in the main transmitter to translate the 3-¢ 
3-106 Me/s produced by the drive unit to the required r 
frequency, may be anywhere in the band 4 to 30 Mo/s. 
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spring may be 


spiral 


The turning moment exerted by « fat 
} 7 


g. 3 
fownd from the formula 7 


where 


exerted } fring in pownd tnches 


T = turning moment 
E = modulus of elasticity 
I = moment of imertia of « bom 
(andth x thu 
Re ae 
- mumber of radian 
natural slate 
i ~ length of apring im im 
The flat spiral restoring 
made of strip steel IN imc he 
When fitted on the dial, the 
the dial im the normal position, 1s egw: 
as obtasned from the formula a 
S complete revolutions 
If @ force af 0-2 ib. must be tangentially to the shpping-cam 
at a distance of § in. from it cause the cam to ship, determine 
the force which must be applied tangentially im the finger-hole which 
is 1¢ im. from the contre of the Ainger-plate, (a) on just mowing the dial 
from vest, (b) when the siipPing-cam just slop, and (ce) 
when “ O” és dialled and the finger is just approaching the fuger-stop 
Other forces acting on the dial ma lected and ut may te 
assumed for comvensence thal the dial move when “O” ts 
dialled and thal the angular dispiacem-ni t ent finger-holes 
ts af] radians 


10*, pownds per square inch 


poral spring material 


Anes 


nm mi Oeemg On imches 


wound from its 


telephome dial 6 
S msls om (hachmess 
ment exerted by the spring, with 
airnt to the turmeng moment 

Pring to be wound throwgh 


@ulomat! 


th widik. and 


spring | an 
long, 4 im 
furning 


wming [h 


applied 


entre i 


mmences t 


be meg 
le radian 
ttween adia 


A. 1. From the formula quoted > 
(e} Turning moment on just moving dial from rest 
30 x 10° x 1 x Wx Bx Be 


a TH ~ - a ~ 0-2872 pound im 


0-2872 
ey Ib. — 0-2208 Ib. 

(b) If the lost-motion period of the dial is two impulse penods 
then the slipping cam will commence to slip when the finger- 
we has been rotated 2 x @/7 radians. 

orce to overcome spring when dial is moved 2”/7 radians 


ae) + Se!" _ 0-396 


Force required — 


(8 x 
«~ ©2208 x 


Force due to slipping cam = 
Force when slipping cam just commences to slip 
=~ ©2394 + O1 — 0334 Ib 
_—_ 
(e) Force to overcome spring when “ ©“ is dialled and finger 
1s just approaching finger = ©2208 x 0/8 — 0-25465 Ib. 
Force to cause cam to slip — 6-1 Ib. 
”. Force required when O” is dialled — 63586 Ib. 
—_——— 


Q. 2. Deseribe the principles underlying « method of direct current 
dialling suitable for use over long limes. State the factors that lumii 
the distance over which this method of wovking may be employed 


A. 2 The principles underlying « method of direct current 
dialling for use over long lines are shown in sketch (4) 
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1 te system Mestrated is known «a: the Long Dtetence Infleres 
tuted Current (L.D.D.C.) system and requires « metallic circuit 
for its . On wire amplified cireuits the phantom i» 
cughapal ox Ger: and impulsing path and arrangements 
are made for the to be availatie for impaulsing until the 
“ called euhacriber anewer ~ signal is received, when the circuit is 
@witched from the impulsing to the signalling cond) tion 

Symmetrical signals are originated by “ loop 
tettery “ dialling and the arrival and decay waveforms are dif 

entiated at the receiving end by « transformer The resultant 

fromted waves across the secondary of the transformer 
and end of the received current 
of a valve, biased to the mid-pesnt 
characteristic, to operate an anode relay To obtain the 
performance, the system employs transformer.type 
pt ay by 
To tedece interference with neighbouring telephone circuits a 
pees filter is provided at the sending end, and at the receiving 
{ « stenilas Giiter is included to render the recetver immune from 
h-(requency interference. These filters tend to slow down the 
ival and decay curves s the signal shape is improved by the 
salining effect of the inductance of the primary of the input 
natormer. The received power at the secondary is insufficient 
direct relay operation so a valve is introduced. This vaive als 
vents the dary pothag the mgnal shape 

The conditions in the primary, secondary and anode cir 
during impu bung are 

shown in sketch (4 
The anode relay PR is 
magnetically polarised 
and has a balanced arma 
ture. ite two windings are 
differentially 
Normally, a nominal cur 
rent " 10 mA fows 
through the 1 Rohn 
winding which 
tems te move the PRI 
contact t« make whytle 
current in the [08-ohm 





wits 


connected 


comtrotl 


locking winding tends tr 
move it to break 

The operating sequence 
1 a8 follows 
commences, rel 
HSB 


duces 


s) On seizure, before & train of impulses « ay 


PR is held im the “ make” position and 
reteaae The current in the locking winding 
and the effect of the 10 mA in the contro! wind 
PRI to “ make,” operating HSA 
At the commencement of a “ break” impule 
urrent is momentarily reduced te below 5 mA 
moves to tweak under control of the lock 
HSA releases and HSE operates, HSA! 
impulse te the selector {SHI imcreases the " 
PR locking winding to hold PR in the break 
Suleequent make impulses increase the anc 
momentarily above 15 mA. amd the mtr wimdin 
the PR captact to retern to make HS 
terminating the " break “ impulse to the « 
releases reducing the carrent in the 
The bias resister VR permits adjustment 
current, The primary shunt, IS. ts prowided a 
to correet the signal shape for different bengt! 
The teetors which limit the distance ower wt 
working may be employed are 
(i) the sending end voltage 


ti) the = of the capa 
impuliag path 


relay 


starts the 


« kine 


| the 


tamer ar 


SYSTEMS 111, 1949 (continued) 


@. 3. For « simple spool winding mach os 
relay. of ts @ well-known 

one wownd with di sines of wore, the 

(T) amd resistance (R} is fownd to be varies as of R. 

Show how this cxpressson is dervwed and give an opimion as 

of the approxvmations imvolved ts the move important 

imaccurmy when the formulas: appled to widely varying 


The expression 7 ie where T 
the resistance 


mit fo 


A. & 

of turns on « fully wound spool and 

follows 

Let i length of winding space 

a radius of core 
& = depth of winding space 
4 = diameter of wire 

and assume that the wires bed down as shown in sketch (e) 


} 


b 

















(b) 


distance between the centres of wires of 


Then the vertical 
adjacent layers 
b= VF = afte 
Number of layers i 


and aumber of turns per layer iid 
Total number of turns, 7 » x : a 
v3.d d v¥3.¢# 
7 Aid", where K is a constant 
5/2) 


Average length of turn 2a (a 4 


Total resistance, & — 
a 
apocitic resistance 
total length of wire 
crom-sectional area of wire 
RSS b bd 
° Sale + a3 ¢ eee 

we" 4 “( 3) v 3. 
16 bf (a + b/2) p 

v¥3.a* 
2h//3.7 
6iia + é 
V3 (ja 
4 ye 


“4 


where 


2p 
i} 
2g ia +8 


r 


been assumed that the length of the 

is exactly divisiide by the diameter of the wire, d 
winding dept is exactly divisible by the vertical 
entres of the wires of adjacent layers ; in 
to wind a coil exactly in this manner 
f the m has been neglected; the smaller 
ater the spece lost because insulation thickness 
{ total diameter. 


in thee derivation it has 
winding space 
and that thx 
fatance, A 
practice it 
The thickness 


the wire thw 


between the 


6 Mot pomselle 


“Ome A 


made om an automatic ¢xchange 
vatic fow. Indicate by means of a 
the selectors ate comnected to the 


‘ De scvebe h 
, me surin titel romal 
Arich how th 
tafe vecordes 

Ii the ee = wel aled 
crading iwdicate loeding, but a record of the trafic flow indicates 
theranse, explain b tomate traffic recorder may be used for 


mrestigating th mdit x more detad 


rding meters and 


awh a subscribers uniselector 





TELEPHONE EXCHANGE § 


\ 4 The traffic fow through an sutomatic cachange may be 
measured automatically by the automatk traffic recorder This 
recorder enables the average number of occupied circuits to be 
measured automatically and thas provides & measure of the traffk 
flow. The traffic can be analysed as well as measured 
A commection from cach item of equipment on which traffic 
records are required is extended to thx recorder. the connection 
extending an carth condition when the item is engaged. The 
recerder tests these conditions at regular intervals and a meter of 
the veeder type is « ated once fer every connection found earthed 
bor equipment antd ducina comversation ¢ g the recorder 
tests the connection every 30 seconds. but for short holding time 
equipment. euch as directors. the tests are made every 12 seronds 
if the total namber of engaged tests found om & parthheular group 
is divided by the number of test cycles the result will give the 
traffic in T carried by the group during the penad 
The recorder may be divided into four sections 
(a) access oniselectors 
(6) control anrseclectors 
(ce) the coetrol relay-set, 
i2-secomd pulse gencrators 
id) meters 
The commections from th« 
acoess rack, and are terminated on 
via @ jumper field, as shown in th: 


selectors 


mache 


whach the 30-second and 


brought to an 
ess untseicctor 
oom rack is 


selectors. eti are 
the banks ' o- 
sketch The a 


2 
: 


J 


: 
Gath Ss 


9 icon tee 
Cc L£ads 


Ca RRA 
——" 


cal 
§ 
; 
? 
g 
: 
Hi 
S| 


zk 
b2 
r 


wt 
. 


al in access umiselectors are 
| are controlled 


situated so as to ecomomise in 
generally provided to each contr 
m pairs by an access 
uniselector has § levels, arranged 
each provide a 49-poimt testing « 
are connected and the fourth pe 
stepping of the contro! switch! 
test 147 leads. and as they 
pars can test 204 leads 

The control aniselector ha 
access to recording meters an 
control The three meter -connectings ke ool thee 
neters are connected t fest 
made by plugs and cor 

The principle of oper 
is started, the access 
access connecting key) is step; : es [™ 
recorder leads are tested for t} } ' tem f the ax 
witch the control unisek : teppe : with the 
connections of the writ “tor, tf 
macct the appropriat« When on 
oe switch of & pa m the thes 
witch of the pair starts ¢ 
the control switch u 

ven the next 30-« : . test le meter iu 
the control relay sect that th 
total number of time 

The avtomatic trath 

yore detail, the condit 
and mete 


Rach access 
pairs 
rding ieads 

oentrol the 
an therefore 


af the three 


uniseien t 
a thom 


re w 


three give 
sod for circurt 
switch and the 
cnes 
the sketch 


aff rex 


nnect may tbe 
is as 
wet 
ition of the 

| and the 


ator 


J Thise te 


can 


oatrois 
re peated 


the selector 
gracing 
4-croup grading 
group l, a second 1 
© on for groups 3 and 4. wi 
trunks tm the 


® analysed 
then 
tet 


grading 


Whe 
5 


nh 
XP ED LE kethaeitatite atiaca dee 
and so on for the other groups 
By this method the group, in the grading. which is overioaded 
ascertained. 


may be 


.. 5. State the materials which are employed for the bank contacts 
and wipers om 3-motion selectors and descrobe the methods employed to 
assist im gioemg good electrical comme tion between the wipers and bank 
< ombacts 

What effects would vesuli from using wiper pressures, (a) 
than normal, and (b) lower than normal ? 


higher 


\. &. The nermal bank-contact material for 2motion selectors 
is hard-rolled brass, but for heavy duty nickel silver 
(an alloy of nickel, copper and sinc) is used ~stiver is harder 
than brass and consequently is a more durable material for bank 
contacts ; it is, however, more expensive. In the . phosphor- 
bronze (an alloy of copper and tin with a percentage of 
F was used for the wipers of 2-motion selectors, but the 
standard material, at t, is nickel-silver as this has been 
found to be more durable than bronze. 
The methods employed to assist in giving good electrical connex 
thon between the wipers and bank contacts are as follows 
(a) The bank contacts are kept in a clean condition by carryin 
out bank cleaning routmes The interv 
between the routines may vary from 6-9 months, depending 
on the at pheric condit in which the exchange is 
located. The banks are cleaned with a bank cleaning tool 
over which a strip of dry velvet cloth or chamois leather 
is closely clam The tool is placed between the levels 
of the bank and moved backwards and forwards over the 
bank contacts 
(6) A routine inspection of wipers is made every 3-6 months 
to ensure that the mechanical adjustments are within 
tolerances and that the wipers are not unduly worn, On 
modern selectors a wiper ts used which gives even pressure 
on upper and lower bank contacts throughout the bank 
retains its pressure with the minimum of attention. is easy 
to adjust and check and has the minimem of wiper bounce 


The effects resulting from using wiper pressures higher than 
normal would be 
(i) Increased wear on wipers and banks 
(ri) Inerease of time for rotary motion during bunting 
tii) Increased wiper bounce as wipers leave bank contacts 
tv) Increase of time of release of selector mechaniom 
(v) Reduction in wiper-to-bank contact resistance 
lf the re was lower than normal the items mentioned in 
*), (1), (it) and (iv) above, would be reduced, and the wiper-to-bank 
coptact resistance would be increased, possibly, preventing the 
correct functioning of the circuit or, in the case of line wipers 
introrlucteg microphonic noise 





OG. 6 Explain with the aid of a diagram of the civowit Clements com 
cerned, how woiwe « jon ts guarded agains in a vowe-frequency 
ignadiing and dialling system 


\. & Voice operation is guarded against in 4 volce-frequency 
sgnaihag and dialling system as follows 
(a) Operation by voice frequencies outside the signalling band 
wiiths is guarded agaipst by tuned resonant circetts which 
reject these frequencies 
Operation by voice currents of the same frequencies as the 
signalling frequencies, but which contain sub-harmomics 
is guarded against by sub-multiple networks in the voice 
frequency receiver 
Operation by voice currents of the same frequencies as the 
signalling frequencies, without sub-harmonics is guarded 
against in the relay-scts. These currents invariatly have 
a very small interference time 





TELEPHONE EXCHANGE SYSTEMS III, 1949 (continued) 

The fRetworks in the vowe frequency receiver, which 

walt Mae ee tee ox Geek ob dawn in the 
sheteh. 


The primary windings of the two sub-multiple transformers, T3 
i T4, ave tuned by itors to resonate at 300 c/s and 375 c/s 
yectively and are connected in series with the anode of the limiter 
plier valve (V1) stage. These transformers are tuned to cover 
range of 260-400 c/s ely, covering the basic frequencies 
f the human wiice genevally includes harmonics. The 
tworks will be operated by speech of the appropriate frequencies 
t not by currents which are pure sine waves 
The t and capacitors form paraliel-tuned circuits 
to the frequencies to which they 
of the limiter amplifier stage includes a 
mm ponent a the sub-multiple frequency a relatively high voltage 
“dovebaped across the primary winding of the tuned transformer 
corresponding voltage is developed across the secondary 
to the associated voltage-doubler circuit 
naisting MRA, MRE, and capacitors QE and OF 
« T3 and MRC, MRD, OG and QH for T4. The outputs of these 
o voltage circuits are arranged so that the voltages pro 
uced are additive. The voltage developed is applied, via 5 megohm 
ietors, as @ bias between the suppressor grid and the cathode of 
pentode vaive in the relay operating stage. The bias developed 
moeeds the anode current cut-off bias required on the suppressor 
of the relays which are used for 


7. A @eeoll sonm-direcior automatic exchange having 2.400 

whing limes has @ busy-howr calling rate of 1-0, and the subsorvbers 

this exchange listen to dialling tone for an average of 3-0 seconds 
fore commeanceng to dra. 

Determine, (a) the average current passing through the dialling 
me transformer during the busy howr, and (bh) during whal proportion 
/ the busy hows the current through the dialling tone transformer will 

yr 0-5 ampere. Jt should be assumed that dvalling tone is fed from 

ted to lime through one cou of the 
900 + 200 ohm m tmpals img velay of the first selector, and that the average 
resistance of @ subscriber's line and instrument is 200 ohms. For the 
purposes the calculation, the curvent passing through the transformer 
as soon as the swbsoribers commence to deal should be ignored 





progress 


A. 7. 
during busy hour « 


ia) Average number of simultaneous calle in 
2.406 x 3-0 
ox & 
SO 
200 + fee » 300 
Average current passing through dialling tone transformer 
- 2» Oona amp. 
= 0-166 amp. or 166 mA 
—_—__ 

(6) Por the current te exceed ©45 amp. the nomber 
taneous calls must exceed 0-5/0-083 (6), i.e the number 
calls must be 7 or more 

The probabubty (Pg) of exactly XN simultaneous calls is given by 

a4 
x! 
Py = s a ,~ ae 


4445 +5 +7 + 


a*? 
. 
- 


0-083 amp 


Current percall «= 


~ simul 
f such 


aft 
¥ 


YL where A ~ traffic in T.U 6 


The trathe in T Us equal to the average number of simultancous 
calls, Le. 2 
The probability of seven or more simultaneous calls (P) wil 
inclade the probability of exactly 7, 6, 9, 10, ete, simultaneous 
calle. This can be written as 
Pm PL 4 P, + Py + Py Pacecers 
2/71 
where fi, = = = oe 
* 
’ . 
eis 3 ee x + ete] 


+ 935 + t=] 


The current through the dialhag tone transformer will exceed 
0-6 amp. for 0-00449 of the busy hour. 


Q. §& Desoribe the various routine tests that should be applied te 
2-motion selectors to ensure thal they may be np ae tm efficient working 
order, State the periodicity of each routine and comment on the 
differences 


A. §& The following routine tests should be applied to 2-motion 
selectors to ensure that they may be kept in efficient working order 
ta) I as pec tion for busied 
should be made to see that selectors have not been a 
busied without a lault being recorded and a docket 





examination to see that the correct fuses are fitted in the appro- 
priate manner and a test of the fuse alarms, should be carried 
out. The fuse alarms are tested 
to the fuse feed and checking that 
alarms are given 
(¢) /napection of selector wipers and cords. Depending on the 
type of selector a 3- to 6-monthly inspection covering soldering 
of cord comnections, wear on cords, wiper tip formation and 
tension, wear and correct positioning of wipers, should be 
performed 
(d) Exsamenation and ceaning of selector bank contacts, This 
should be done half-yearly, the banks being cleaned by means of 
a bank cleanmng tool covered with velvet or chamois leather 
(o) Inepecthon and lubrication of selector mechanisms. This 
should be carried owt yearly. The frame and mechanism are 
cleaned and all mechanical parts examined for wear, excessive 
play. or binding The shaft heb is examined for worn or 
damaged teeth and the condition and functioning of all contacts 
and springs checked. Tests are applied to the mechanism 
and any necessary readjustment made in accordance with the 
relevant adjustment instructions. Lubrication is then carried 
out. 
(f) Test of release and sepervisory alarms. These should be 
formed weekly For the release alarm a selector shaft is 
ifted off normal and the operation, after the correct delay 
period, of the visual and audible alarms checked. For the 
supervisory alarm the ve and ve wires are looped on the 
selector test jack and the glowing of the supervisory lamp (if 
fitted) and the operation, after the correct delay period, of the 
visual and audible alarms checked 
(g) Functional tests of a complete cycle of operations of the 
selectors should be performed weekly by means of an automatic 
routiner, or if @ rowtiner is sot fitted, at 3-monthly intervals by 
means of a manual tester 
(4) Comfemuety fests of selector outlets. Tests for continuity 
of the selector banks and outlets should be carried out by 
means of manual testers when required. The interval between 
these tests is usually fairly long, eg. 2 years. 
The periodicities of the routines stated are those usually 
and they are related to the amount of labour involved and the 
fault liability of the particular item ander test, ¢.g., wipers and cords 
are checked more frequently than other parts of selector mechanisms 
Tests which might reveal faaits which would materially affect the 
service are performed more frequently than those for faults of which 
the effect on the service would aot be so great. Tests of release 
and fuse alarms are carried out at relatively short intervals because 
the Ron-operation of these items might introduce a fire risk. 
When routines are ympleted the results are summarised and 
examined to determine ‘ whathes the time spent on the routine is 
justified and if not, what periodicities should be adopted in the future 
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. © The menwal exchenge wrving « certain telephone arcs ts & 

by automatic equipment of the mom-directes type Ascumemg 

com plete developmen: data ave a atiable explain how the data 

be used tm determining whether the area vhowld b« verced froma 

eufomahc exchange only or whether additional «x hanges showld 
provided to work 4: satellites om the main automat exchange 


8. The development data would <i in the following 


manner. 

A developmeat summary map. showing the distribution of the 
anticipated development over the area prepared on an ordnance 
survey . usually 6 in. to the mile, from the surwey block-area 

jacent biock areas of approximately the same density 
lines are grouped together t tow arger and more 
convenient areas which are repromtuce the:rr appropriate 
development forecasts on the sumrmary ‘ The areas of these 
larger blocks are measured by means a planimeter and the 
densities in lings per square mile at th: ear figure calculated 
A tracing is then made of the sammary mag how the boundartes 
and density blocks, each block is marked loured in accordance 
with a suitable convention and a density y or table is incloded 
By this means a general picture of the telephone development of the 
area i¢ obtained, from which it is possible: see whether the lines 
are spread more or less uniformly over the whole area, or whether 
there are two or more sub-areas wit! nounce avrer densities The advantages obtained by dialling over trunk lines are a» 
so calling for a close examination of alternative schemes, ie follows 
whether the area would be economically served by one exchange or (a) Connections are set op more quickly, thus providing a bette: 
by a main exchange with one or more satellite exchanges trunk service to the subscribers 

When more detailed consideration is necessary a cost comparison (>) The revenue-carning time of expensive trunk circuits 
of schemes with one single exchange and with additional exchanges, increased because of the speedier setting up of calls, and 
as satellites, at suitable points ts carne it, bearing in mind possible fewer circuits are required to carry the trafic at a given 
usage of existing line plant T? arrangement with one large grade of service. 
exchange, at the theoretical centre of the area, is generally mors As the originating trunk operator dials direct into the 
economical as regards site, building unction, equipment and local automatic network of the terminal trunk exchange 
maintenance costs because of the concentration, but a acheme with the use of an “ incoming “ trunk operator is obviated 
satellite exchanges is more economical in subscribers’ line plant @) Errors due to repetition are reduced 
costs because of the reduced average length of line and the cons Dialling over trunk lines is effected by the 2 voice-frequency 
quent smaller quantity of the heavier weight con tors required system, in which “ loop-disconnect “ impulses from the originating 

Detailed estimates of cost are made of various alternative schemes trunk operator's dial are converted into — of voice-frequency 
allowing for the cost of sites, buildin nta power plants alternating current which are amplified by the amplifiers on the 
for each exchange, and junction circuits whe atellite exchanges trunk route and re-converted to “ loop-disconnect “ impulses at the 
are used The costs for the : s sch es part ver the distant end to ate the automatic selectors 
whole of the possible life of the excha yuIpmes « 20 years In general, pu of 750 c/s current (X pulses) are used for 
and annval charges are dete: : id " estimate is signaling and —s from the outgoing end and pulses of 600 c/s» 
made of the annual charges for 7 e plant, to provide current (¥Y pulses) for signalling from the incoming end. The 
for the development in each block ' ° ap, by means clearing signal from the outgoing end, however, is given by « 
of an annual charge measuring tap » been developed for combination of X and Y pulses. A specially designed 2 VF 
this purpose. The overall costs of fi er are given by the receiver is employed at each end of the circuit, by which the line 
summation of all the annua rege for erest on capital currents are amplified and passed to filter circuits which reject 
maintenance, operating. and eciat mparing the costs everything except the two signalling and dialling frequencies 
of the schemes any variation he a ue ver the whole 750 c/s and 600 c/s, and these frequencies, after passing through the 
20 years costing period has t ab n rom the filters are caused to operate the impulsing and signalling relays 
final summation of the costs of he ‘ nomical X and Y, respectively 
scheme can be determined « ling there ' pect A unidirectional manual-to-auto 2 V F. circuit is shown schematx 
factors to be considered, t! f : ally in sketch (6). Associated with the incoming relay set is a selector 
0. W. Explain preci he diff , of auto fc auto 
and Zone Centre with respect ‘ { lemg as Taye as if 
calls ofé cutery SELECTOR 

What advantages are 0! di ‘ > > 
us thes dsalling effected 



































= \ 10. For the circulat n uk traffic the 
country is divided into a a «t . ' arge areas oF 
c._ Ci vo 


Zones. Within each Zone a» } e located centrally from 
a telephone trafic viewpont , entre for hand awe ave ay Toma Tic 
ling trunk traffic to and from that Z etwork of high-grade AECEIVER §=RECEIVER NET WORK 
trunk circuits is provice t t : meet the 
traffic requirements. The : ' : 
switching centres for Zornes e traft (b) 

Each Zone 1s sub-divided . : : 
covers a group of exchan n : at exch which is seized when a plug is inserted in the jack at the outgoing 

The selector affords access to the local automatic network 


* known as a Growp Centr . ‘ wit ss nes end 
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With reference te the given comstant-A wctwork cxplacn whad ts 
ment i the #8 Prcssum bored 
- sechom 


Deovive such a section and shetch 
the = tmage §=mpedance | frequency 
jor the coment & ond 

sections, Hence, descrite 


of the atvantage 


obi 


@ 3 


‘ ‘ 


~ 
f m-dericed 





The network given can be redrawn as in sketch (4) whe h 
symmetrical about Y } 

7 lend C are mverex 

feactanees: the product 


. ‘S 
" ig of their reactances 
} i 
c c tol. ~ ; 
% | 
whith & independent af 
¥ 


frequen y Hence, the 
getwork consists of com 
#) stant - 4 sections 


Ihe mich sheet image impedance of the network ts therefor: 


j I 
Al ies + ifjwl sont 


! i 
fy Vi - as l ¢ yj 
Whew ~ 62,6 LK 
and when » tm ~ UVLO, Zu 
we Hetween these limits Z,, i non-reactive 


At angular frequencies above ae, Z,, 6 purely reactive 
L 1 


I i 
~ ponent) ~ 
larty, the mid-series image impedance is 
Zn « VLR fT elt 
When w « 0,2, « V/T[je 
When @ © ti. = bin Lc, zy ~ 0 
lietween these limite Z,, is non-reactive 


seactive and 
VLE Veh 1 


The variations of Z,, and Zy, with w have been indi 
sketch () It wil) be observed that the network has t! 


ln ~ V4e0 Zee 


fash 


Above as. Z», i purely 


rend 
ated ™m 





(d 


teristics of a low-pass filter with cut-off frequency ¢ 
oo Ly Le 


A shunt mdenved sctoa to 8 ee ee ee ee 
impedance equal to the mid shunt impedance 
network and a shunt adendbtance s0-4umae ta that odmanaseien 48 


the constant.4 network 
To obtain the required shunt, sderived section, consider 


shetch i) 


‘ 


Z' ~» must equal Z, 


2,2, Zz. = me L 
z, * "/i-wte we 
‘ee 


aoe Jere 


es 
T—#It 


; * joa 
wetonl oF 
¢. two reactances in parallel as show im sketch (dé) 


om ® 


mL. 


1 











tt 
Lxte 


2. 
mc 


(d) 


The mid-series image impedance of this network is 





2x 


1—(1—m") Le 
The“graph of Z',, has been plotted against a/q@, im sketch (¢) 


oy, @tacTwe) 
i 


fi 2’; (wan erAc TE) 
| \ a - - 


7 


| 2 (mre 
(*) 


Two advantages of the 


for values of less than I 


ferived section are immediately apparent 
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is more eniform 


image umpedance 
secteomn will give 


(1) Its image impedance in the pass range 
(2) Slightly abowe cut-off, the (reactive 
approaches 


infinity. Hence, th 


“ sharper cut-off 


jeri vex! 


QO. 2 Given that the equation , & 
af @ point » wnles from the sending end 
Y, V, coah pe 
and i, I, cosh ps! 
where fp is the Propagation 
2, + the Character 
WV, 6s the voltage appl 
omd J, is the current ai th 


dovwwe the equivalent, syrmmety:. ai 
he 


Thence, determine the 
when 100 miles of nom-reactive line 
comstants, 


i mefmoork 


tasettion 


k 10 aches 
10 = wake 
itansmiiier and 


are commected betucen 4 
resistance of SOO ohms 


4 2 When the line is upon -Care 


i, cosh ¢ P 
or Yi, Z, coth 
Again, when the line is short-circuited 
.* wehy 4 
or hi, ; 
If the network of sketch (« 


Zz, 


, : 
Z, cotl 


and Z, tanh pi 


(Z. coth pi Z,) (: 
» (2, coth pi-—Z Zz 

Z,* coth*® pi x 

t Zev coth*® 


The positive sgn apples 


In the question 


2. “3 fw 
G J 10 io-* 


g = / RG - of io x 10 
» ™ Z_ tanh pi/? 1,000 ¢ 


Ze 1,000 
~~ -"a pl T-1752 
Referring to sketch (6), / 


Zz 


I, 


Ce eS wat 
oh aadd give a lemear relation between pl rol spr oa 

voltage ower a frequency range show sacha 
circus 1s used tm the recephon of frequency modulated 


A % Consider the circuit gives in sketch (a), Suppore that the 


QO. 2 Withthe oid 














(a) 


resonant cirewit LC is tuned to an angular frequeacy and that 
and a, lower than « 
that the outpat is the difference of the ind: 


vidual outputs from the two rectifiers 
Now the output from 1,C, will be of the form shown by the 
positive dotted curve in sketch (>) and that from L,C, of the form 


given in the negative dotted curve 








Thus, the combined output will be indicated by the full line 
curve, pred Seago ergrommge gid abe Be i this 
can be made almost linear over a frequency 
range. Lf @ is sufficiently high, this eg —- be 30 kc/s 

Such a areuit can therefore be used for the detection of frequency 
modulated signals, since the rectified output will be directly pro- 
portional to the frequency difference between the signal and the 
unmodalated carrier, - 


QO. & The current, 1,, at « distance # miles from the sending end of 
an infinitely long, uniform - is = by -— 


where 1, is the current al the “wading end and p is tht propagation 
coeficrent per mile. By considering successive reflections, wee this 
equation to derwe an expression for the current at distance s miles from 
the sending end of a line, | miles long, which is open cirowited at the 
far end 

Thence, determine the change whith would occur im the value of 
the curvent 25 wueles the sending end of an infinitely long, non- 
reactwe lime which the following uniformly dsstributed primary 


comstants 

R = 20 chmstloop mile, 

G = 20 » mhosfloop mile 
when «a discommecthion is made WO miles from the ond. The 
sending end voltage 1s simuscndal and mamtained comstans af 25 vodis 


rms 


A. 4 to the sketch, let J, ~« VJZ7, be the current at 
the sending end of an infinitely long. uniform hne which has a propaga 
tion coefficient p. The current at a point « miles from the sending 
end will be Le?" and at a point / miles from the sending end 
Laer. 

+ 
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If the time is disconnected at distance /, the carrent there will be 5. For the given network find the relationship between V and ¢ 
ete ee a ee oy een towards the és beth magnitude and phase, given that :—~ 
& corent ~ Laer 

















ye pats 





=> oe 
PE ted . R =» 510 ohms P 30 + 4100 ohms. 


. 


e e 70 ofme s | 20 + (600 ohms. 
nee ot”) ° Z = 100 + 4100 ohms i (70 ohms. 
etc P and S are ceries aiding a: shoe 


* — . Ge or wasn it arrives af Che pornt distant . A 5 Referring to the sketch 
‘ 


law 
aod on arrival at the seruting otal 
~ law 
» thee current did not jously exist at the sending end, it will 
ee reflected without a lene of sign, if V, is to remain constant 
in effect, the E.M.F. of the alternator at the scading end must 
ye wijusted to compensate for the change which would otherwise 
curin V, 
On reaching the point at distance «, the value of this 
urrent will be 
ow iam 
cul the resultagt current arriving at the receiving end will bx 
~ lew : sh 5 
hue will be reflected with a change of sign. ie¢ the current reflecte 
il te 
ier 
mi oo on 
if this process is continued indefinitely, it will be seen t) } ‘ iS 4 Rani 
urrent at the receiving end, which is disconnected, wil! er : ; ’ + vi a — 
© current at the point « miles from the sending end w r+” 


; ‘ ‘ 4 a (P { 
i" ide qr qaere + gh ‘ M) (P+E+9) (S+R n> 


2 


j 


tarde ew + oc } r 2} 


ir (S4 
len i« al < 
hie expression ie the difference of two geometnc progression 
momen ratio of each being oe, which is less than unit . <~ — BREE 1 
, 70 70 
ee td to is6 gibt, t 
li«+ « l+« - . 
13th/ 2 \ 135 70 v2 [4s 
-, ss 70 70 ; 
lee Zz Mme 4 100 = 2 + 
L,(e 6 et oe @*) . 30 hate 510 inc ; 
“+ «FF 200 + 1200 » ’ 600 + 600 
200 2, 4 » /2 
qt 8 ert on" 6004/2 / 45 
10. 130 4/2 135 . 
4.9 Sea a Saas 2406 Sas 
V, sinh p Ur) 
} # cosh pl 
In the question, 


*s Jé - af * sane 
& fe lore 


, ‘ 270 nO 4 18 
> wl Re to « Bw» lb 0-02 nepers 
Vv . v3 net ah) “a 18 


j - 
2 6sinh 4 ~ ©613 \25" 42 
‘ ‘ ‘ oy ..2 « 
1008 cosh | pa KF 240,000/" 


23 2A ? ’ ’ VW wv Ss R — ohh 0 
on had ‘ bin . 
1 ooo 1,000 


Change in current « 6-76 mA 


‘, 
53 ‘ 45 
» SeOry 2 roi 


- ° 4-07 
130 1304/2 45" 150 7 
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g. «¢ —e the Fours component 
enguiar war 

eA syemenstrsca! triangular current wave 15 passed through an 
smduc tee vessstamce 


Determine am expression for the voltage across 
the inductive vesistance and shetih the resulting warerhate 


function can be 


A 6. Fourier’s theorem states that any periodk 
by the infimite seres 
y~ Aa + A, ee at + A, en le 
+ B, os at + B, cos 2 wt 
where @ = af - Se/T. 7 being the penaod 
If the function is symmetrical about its axis 4, 0 
Referring to the triangular wave shown in sketct 


tame 


t will be 





7 





0 to 


observed that its rate of increase, whic! onstant from cf 

ot = @, ie tan @ ~ 24/e. Similarly, from of # to est 2a, the 

rate of increase is constant, tan ence, the rate of change 

of a triangular wave is a squar } n sketch @ 
Thus, if the series above represents angular 

differential gives a square wave 

Leg ~ A, cos at + 2 A, cos? 


4( et) 
2? &, in 2 


B, sin ox . 
represents a square wave 
Tt can be shown that the coefh 


2 tan 


wave as 


wave th fret 


Again, B, ~ By = ot 
Also A,= Ay 4, 
the equation to the triangu 
a4 
y= =e howe aot 
if this current flows throug? 
sketch (c), the voltage across X 


resistance, 1. HH, of 
same waveshape 





nmetant mang 


and be im phase with the « 
However, the voltage across th 


which is the square wave used 
The total voltage, ©, acre 


these two as given in sketch 


es the ind s the sum of 





C 7. Defme the following >- 

(a) Propagation coefficient 

(b) Attemmation :oefficrent. 

(¢) Phase change coefictent. 
ha ys emmeaeie tabt tadlea cat = 
change ¢ @ conte cable parr. 
Thence show that, im the ideal case, mo distortion ocowrs during the 
framsmisstom @ signal, Point out the limitations impoud 
practice by coth loading. 


Derwe 


A. 7. Propagation coefficient is the natural logarithm of the 
vector ratio of the steady state amplitudes of a wave at a specified 
frequency. at points in the direction of propagation separated by 
unit length. 
1 tomuation coefficient is the real part of the 
Phase change coefficient is the imagimary part 
coefhient 
Thus, if the currents at two points / miles apart along a uniform 
infinite line are J, and /, respectively, then, 
pl =~ log Tilly 
OF LL gm @P me GetIPl om gal , GIP mm gal jp 
where p = the propagation coefficient, 
a = the attenuation coefficient, 
8 = the phase change coefficient 


ketch (a) represents the equivalent 
length of a continuously loaded cable 


Se 5 w 


jon coefhcent 
the propagation 


T of an exceedingly short 


fu 





(b) 


Sketch (6) is the corresponding half section. 


ie oe as ee L 
Zz, = d ie : , 
° VG U+jo; iG co +s og )| 
e7 7 1% 
R + joel Rn 4 
G~ jek 
When 4 is redu >a indefinitely, 


z. - (ez wal = VE TEAL t 
G +> jot Ys 
where, ¢, = to“ wi/R and ¢, = tar? wl/G 
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Agen, referring to sketch (a), 
' 
tol Ze + Repeat + + jake | i 9 


Wy a 
vo, Wines taf! + FEES c+ smc + e+ s0t$ is > jak iat) 
+ alt toca ; ” 
; 1+] ergot 6 +400 B+ (+ jel) © + jet 2 
’ 
Potting o & VV Re jal) e+ jo} and since & ie very emall 
hoe 2 ~ pel + BPO. 
Neglecting terms comtaining A/* 
ii, =~ 
= 9 Rafal) iG + ye } to the propagation coefhoent of 
a loaded line it can be assumed that 


eecbalotesd 


p ~ san/ le J¢ . at) (' fa 
om jor/ ll () ‘ Sat se ) 


rt Jes wit 
~aesye 
ads ii 
“aN EIN 


which ts the attenuation coefficient and 1s independent of frequency 
and p= afLe 
which is the phase change coefficient and is proportional to fre 
(quency 

Thus, with the 
during the transmission of a signal along 4 continuows!) 
telephone cable pair 

Consider now the case of a coll-loaded lin 
of the loading evils be, 

tut + jel 

and assume a aniform spacing of d miles 

The equivalent T of a loading coll section will bx 


eketch (c} 
ee ee. 
ate . 


pepe 
) 


Thes, » 
the od oh 


« here, 


made above, no distortion will occur 
boaded 


Let the itapedance 


m shown in 





From this 


* > 
Sketch (¢) gives the hail section 
impedance ta, 


: pd: pel 
SG + 7, tanh TMG + Ze tanh ; 
z* pl 
- Ji : Lf tanh e +o sa)? 
s* Z unh* pd 2 
donl j Zt go + Sas 


#8 2 
m Be b+ oy t 9 coth ps 


When pd is amall coth pd -» 1 p/ 


iT) 


i 
(tann*” 


; 
‘ 


J 
/* + vid) 


G&G + te 


Zim, | Ze* 4 


Assuming that 

+i) >> R 
(al > &G 
>a» 


wil 
and 
and id 


— ae 


z. ol t + 
i- 
“al taal! 


From @ = @ to a ~ 2//5C2, Z,) will be real, Le. a pure resistance, 
decreasing from 4/11C7 to zero 
Whee @» 2/5/iCd, Z,) will be a pure reactance. 
Thes, a coil loaded line behaves as a low pass filter and has a 
definite cut-off frequency, f,. given by > 
oy ~ Def, ~ 25/1C4 approx. 


. & Upem what factors does the transit time 
tathede and anode of a triede valve 
explanation. with a circusl diagram of a 


A. & The transit time of an ceetron between the cathode and 
anode of a triccde valve depends on the effective distance between 
these electrodes and the velocitees and accelerations experienced 
by the electron while travelling this distance 

Before an electron can leave the cathode it must have a certain 
velocity towards the surface. This can be attained by heating the 
cathode (in vacuo) s that electroms can the b ¥ 
forces which are charactermstic of the emitting material and depend 
on its work fanction, that is, the work per unit which must be 
performed in forcing an electron through the Thus, the 
electron will have a certain initial velocity. Its subsequent progress 
towards the anode will be determined by the presence of any space 
charge around the cathode and by the applied to the 
grid and anode. Due to the proximity of the grid to the cathode, 
the potential of the grid will exercise a comparatively greater contro! 
during the carly stages It will be obvious that electrons can only 
reach the anode if the grid is in the form of an open wire mesh. 

The circuit diagram of one type of Barkhausen-Kurz oscillator 
is shown in sketch (#). [t+ will be observed that the grid is given a 


an tlectrom between 
Give @ qualitative 


ar" Kure 








(@) 


sositive potential while the anode is at earth 
or negative potentia In order to explain the action, assume an 
alternating potential of rectangular waveform is superimposed on 
the grid. The resulting grid potential will vary as indicated in 
sketch (+ 

Let us investigate the motion of an electron (A) which leaves the 
cathode at the instant when the grid potential is changing from its 
maximum to its muaimam positive value. The electron will be 
attracted towards the end bet its acceleration will be less than it 
would have been had the oscillating potential not been superimposed 
on the grid. Suppose that at the instant when it is passing through 
the grid mesh the grid potential changes to its maximum value. 
The electron will experience a greater retardation than otherwise 
and will be brought to rest before it reaches the anode. At this 
instant suppose that the @nd potential again changes to its minimum 
value The electron will be attracted towards the grid, but with a 
less force than without the superimposed oscillation. Just before it 
reaches the grid mesh, suppose the grid potential changes to its 
maximum positive value. [he electrode will be attracted to the 
arid with a greater force, and having passed through the grid mesh 
& greater retarding force than otherwise and be 
reaching the cathode, The whole cycle is 
celeration towards the grid during the parts 
of the cycle ts shown in sketch (¢). The approximate path of the 
electron has been sketched in sketch (¢) and the acceleration of the 
electron has been shown in aketch (e) 

The approximate path and acceleration of an electron (B} which 
leaves the cathode one quarter of a cycle later, have been included 
in sketches (¢) aad (¢) respectively. It would that these 
two electrons tend to move into step during their oscillations about 
the grid at half the frequency of the su mposed oscillation 
Moreover, these oscillating electrons are always working against 
the alternating voltage impressed on the grid and thus deliver energy 
to i 

The paths traced out by, and the acceleration of, two electrons (C) 
and (D) which leave the cathode half a cycle later than (A) and (B) 


comparatively high 


will experience 
brought to reat before 
then repeated The a 
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are shown in sketches | /) and if it will be sewn that equivalent plage electro-magnetic wave is reflected® (sre sketch «)). 
hese electroms move to the anode and do not oscillate about the 
energy from the superimposed oscillation bet 
mation in the clectrnie space «4 quickly ended 








bor these ideal conditions. the att tion /fre curve of a 
rectangular wave guide would be as shown in sketch (6) 














Prt Quancy 
(6) 


In practice, however, the walls of a waveguide will have (nite 
Path TAKEN 8Y conductance. Thus, the eddy currents generated in the conducting 
ELecTaon (a) wall by the normal component, N « 8 cos @ (sketch (a)), of a plane 

: Fe ae electromagnetic wave incident on their surfaces will produce é, 
losses. Energy will be abstracted from the wave at each reflection 
ie oe er de ee ee eae oe auido 

he magnitude of the losses experienced will depend on the 

sanmnal surface area of the reflecting walls of the guide (@ & guide 
length), the depth of cng and the square of the frequen \ 

The curve will, therefore, be of the form 
shown by the broken hine in “sketch (b). 

in the foregoing, losses in the dielectric have been neglected 
ie. a vaceum has been assumed. With air in the tube, additional 
lomses may be introduced on dryness and points of 
infinite attenuation will cocur at critical frequencies of the 
constituent gases 


UV. 10. Derive an expression for the intera: actor om the imsertoon 
loss produced when a four terminal network, has sending and 
recerwimg end image impedances of Z, and Z, vg mene ts comnected 
between @ transmitter and recewwer which have ws of Ze and 
Zs ay Thence show thal its Gat im an audio-freguenc) 
transmission is usually very small im practice 


A. 10. Referring to sketch (4) 
I, ~ BNZe + Za 
In sketch (6), a network, which has 























" 


ee 


. 


apocce th 
ad 


%s 


. 








yen. 





+ 


| pixeles 


-sCCELERATION OF cLecTROon (c) 
, ACCELERATION OF ELECTRON (p) 
= 








r 








SOE SEES 


(b) 


(}) @ sending end image impedance of 7, 
(ti) a receiving end image impedance of 2 
On balance, therefore, the ener ' ' sillation by \ (iii) « transfer constant of fd. 
and (B) is greater than that abstracted f t by (C) and (D has been inserted between the supply and the load, Z,. 
Hence, the oscillations would the absence of the super The frst problem is to determine /, Consider sketch (: Since 


imposed oscillation “ts 


7 le 

9. @ With the aid of suttable eva ad a rams describe how @ 
rectangular wave guide behaves a: a high f Siter tale the main ve % 
factors which affect the allenuation throw ual frequency spectrum *, a, ty 
and give an expression for the crit tf fren we 
‘ a it can be shown that " ve guide acts as a & 
high-pass filter having a cut-off freques ; j 

wep (d) le 


é 
where V is the velocity of light and ! he guide ith, that is the sine JS . anal a 
distance between the ideally acting surfaces at which the * The dervetian of the furresia © @ven i the Supplement tur eteber [04 5 th 




















"a = ve VEaEn inal 

~~ %&%. cP zn Zn 
Chee he es ee en oe ne Oe 
current at the recerving end is 


_fe et [Zp 
i, = ee ee og eS (aketches (/} and (¢)) 





Oo 











(s) 


Now, this current would have been obtained at the receiving end, if 
the terminating wee Za, had been by an alternator 
having an E.M.F. ¢, and internal im © Zy, (sketch (A)) 
provided that 


z ly 
aye ie o- Be wef 
r (A) | 


Under these conditions, the sending end terminals of the network 
would be equivalent to an alternator having an internal impedance 


Z,, and an EMP 
2n Zn —- 


«./% 7 ood ts ¢™ (sketch (7)) 
n 


ee 


im 
ron ot” 


For this current to have been produced by the onginal alternator 
which had an E.M.F., &, and an internal impedance Z» (sketch (4)) 


we have 
E + 


24-2 

_42n + : ae 
Ze - ln 

vy (22 + z, 

‘ 22), 

te Zr B. .! 25 
2Z,, 


Ze + Zn of 


” “057, de + Zn) \' 


a = iol 
22 + én 


ol 


. « 


Ze —-Zy 
Zs ’ Lt 


4¢ + 2n 


zy 


fot Ia 


= 


= 


és 20 
2¢ + 2n j 


Cet Fae zn zn ig 
f, ” Ze +. 25) (Ze : Zin») ; 2s Zn Ze 
Ze ? oi Ze > Zn 


Ze Za YY Ch + i247, 3 ; 


V 4222 Ze + Zn Za + 2m * : ée~4n 22 2a. 
‘Zet+ Zn 


Zr + Zn 


Z,, ~ 


In this expresson 


27 + Ze : 
s of the 
Valele i the reciprocal of t 


Vv sein 
Ze + Zn 
(42 _2 
Y¥ S<2*® is the reflection factor 
42+ 2n 
«” expresses the propagation effects 
terminated by its image impedances, 
! 
and “7 
: Ze —2n 22 2% 
4e+ fn 22% 2n 
It will be appreciated that, when / is large, the interaction factor 
becomes unity. Hence, in an audio-frequeacy transmission line, the 
interaction factor can usually be neglected 


Correction 

Vol. 42, January, 
if, 1948. A160 

Line 2 of Ist paragraph. Delete “Hartiett's bisection 
that " and replace by “the following theorem 

Line 2 of 2nd paragraph. Delete “Bartlett's bisection theorem 
and replace by “the above theorem 


reflection factor of Z¢ and Z,, 


is the reflection factor of Z, and Z,,, 


of Z,g and Z,, 


# the setwork, when 


is the interaction factor 


-™ 
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